5.6.5 Survey Resulis for JICA’s PV-Electrified Houscholds
5.6.5.1 25W PV.Electrified Houscholds
(1} Background

In January and February 1998, the JICA Study Team conducied an interview
with 31 households at Geja, Turf and Manyoni, Kadoma district where a total of 100
JICA pilot solar systems were installed. At that time, the systems had been in use

about 2 to 6 months.

(2} Family size, Yob profiles

The average family size of houscholds interviewed was calculated fo be 10.4
(11.3 for Geja and 9.0 for Turf, Manyoni), higher than the 7.1 obtained from the
entrusted interview survey (see section 5.6.2 (1). This is explained by the fact that
some of the households consist of 1 husband, several wives, and naturally, a rather
large number of children. Table 5-21 gives a job profile for the surveyed houscholds
in Kadoma, similar to the one shown in the previous section, intraducing source of

income, number of household members cami'ng income, etg.

Table 5-21 Job Profile of PV-Electrificd Households in Kadoma (JICA)

(1) Jobs o
Rank Houschold heads % Rank Houszhold members %
1 Farming 66.6 1 Farming - 474
2 Taw/Security 10.0 2 Manufacturing 0.2
3 Teaching 6.7 3 Transportation 8.0
Transportation 6.7 4 Teaching 6.9
Business/Tinance 6.9
(2) Job Profiles of PV-Etectrified Households (%)
Household heads * Household members
Geja Turf Kadoma®** Geja Turf Kadoma

Farming* 723 58.3 66.6 59.7 300 49.6
Salaried Jobs** 217 41,7 33.4 © 403 70.0 50.4

*Farming = Own Farm + Other person’s Farm + Stock Farming
**Salaried jobs = Services + Construction + Teaching +Manufacturing + Business/Finance +
Machine operation + Law/Securities + Clerk/Secretaries + Director/Manager + Government Officials

+*#Kadoma = Geja & Tusf (including Manyont)



(3) Job Combination (Houschold leads and Members)

‘ Kadoma
Rank Household Head Houschold Member )
1 Farming Farming 31.0
Farming Manufacturing
2 Farming Transportation 5.7
Jaw/Securities Farming
_ Geja
Rank Household Head Houschold Member %
1 Farming Farming 40.4
2 Law/Securities Manufacturing 8.8
3 Farming Law/Secorilics 7.0
, | Turf/Manyoni
Rank Houschold Head Household Member %
1 Farming Farming 13.3
Farming Transportation
2 Teaching Farming 100
Farming Services

Source: Zimbabwe ficld survey (1998)

(3) Housing Characleristics, Appliances, and Sources of Energy

Majority or 80% of households in Geja arc modern type structures. For Turf and
Manyoni, it is aboul an even split, i.e. half of households are of the traditional type,

while the other half is modern. the average number of rooms per house 18 seven. Most

of the houscholds surveyed have radios, which they owned cven before the PV systems

were installed (powered by dry batteries or car batteries). The average length of usage

per day is 6.3 hours.

- A number of the households surveyed also own television sets, although most of

the low-income ones (i.e. GTAI less than Z$10,000, no savings, or with outstanding
loans) did not. Half of these who did already owned the TV sels before the PV systems

were installed. Average length of usage per day was 2.5 hours, usually after 6 P.M.

Average length of usage for lighting per day was also 2.5 hours.
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Table 5-22 shows the monthly consumption of fircwood and paraffin by the

surveyed houscholds. Average consumption of firewood is 183 kg (equivalent to about

7518) pcr month at zero cost. About a fourth of houscholds surveyed use the firewood

for ironing. For paraffin, average monthly consumplion is 4.4 liters worth about 2$9.2,

Most of households surveyed place higher priority on money, cducation, and water

before PV (see Table 5-23).

Table 5-22 Energy Sources used PV-Electrified households in Kadoma

| Firewood for cookin Pacaflin for lighting
Arca Consu Equiv. | Hours | Troning | Consum | Price | Hoursin | No.of | %of
mption | Pricc" inuse ralio ption _ use Wick floor.
. tamp | polish
kg/m ZS8/m Hr/d % /m Z8/m Hr/d %
Geja 122 12.2 40 26.3 4.1 85 20 2.4 10.5 |
Tuf 283 283 54 20.0 54 10.6 29 28 10.0
Kadoma® 183 18.3 4.4 24.1 4.4 9.2 2.6 2.5 10.3
Notes:
1)Value if not freely provided
2) Perccnt.agc bascd on number of households
3) Number of Wick lanp owned by ane household
4) Kadoma district includes both Geja and Turf, Manyoni
Source: Zimbabwe field survey (1998)
Fable 5-23 Priorities of PV-electrified households in Kadoma district
Rank (encral priority % Rank Encrgy source preference %
1 Money 12.6 1 PV 326
Education 2 Firewood 16.3
3 Water g2 Grid _
4 Electricily 80 4 Generator 10.5
5 Food 6.9

Source: Zimbabwe field survey (1998)

{(4) Income and Expenditures

Table 5-24 shows figures for GTAI in 1996, annual expenditures, and

accumulated savings as of year-end. GTAI of Geja households was observed to be

higher than those in Turf, Manyoni, presumably because of higher agricultural

production in the former. In Kadoma, GTAI was pegged at Z$30,400, while average



disposal income was about Z$24,500. Average annual consumption was estimated to
be 7822,200, cxplaining the low figure for average accumulated savings of 736,900
for end-1996.

Table 5-24 Income and expenditure of PV-electrified houscholds in Kadoma

Units Geja Tuzf, Manyoni Kadoma
Gross Total Annual Income AN 31,806 28,028 30,373
Disposal income" WAL 25,560 22,682 24,468
Annual expenditure 78y 24,438 17,970 22,128
Savings as of end-1996 YA 8338 4,444 6,936

Notes:
1) Calculated from income tax rate table (due to lack of available information)
2} Cumulative saving as of end-1996

Source: Zimbabwe field survey (1998)

(5) Problems Encountered with PV Systems

More than half of the houscholds expressed satisfaction with the systems
JICA installed. Some of the difficultics encountered include flickering of fluorescent
tube during use, system breakdown, difficulty in charging and disconnection of
battery terminal. The JICA Study Team and BUN technicians addressed all these

concerns, however.

{6) Charge in Daily‘Life after installation of PV System

Followings are the change in daily life noted after the PV systems were

installed (listed in order of rank):




Change in Lifestyle

%

Completing homework became easier for school children

Entertainment hours became longer

Interest in the outside world became greater
Knitting, sewing, and similar activities conld be done at night

Dinter lime became more enjoyable

Increased safely against intruders/animals at nighttime

211
23.1
138
12.3
6.2
6.2

Some 23% of the houscholds surveyed expressed satisfaction with their systems,

atthough a common sentiment was the limited éapacily and difficulty of repaying the

loan.

{7} Cost evaluation of JICA system

For the JICA systems, each household was requested to pay Z3750 as a

connection fee and Z$75/month as a maintenance fee. More than half of the

households regarded these amounts as being neither cheap nor expensive (see Table

5-25).

Table 5-25 Opinion of Kadoma Residents on JICA’s Installation and maintenance Fees

(in %)
Connection fee (Z$750) Maintenance fee (Z375/month)
Geja Turf Average Geja Turf Average
Al Cheap 353 55.6 423 294 55.6 385
Bi Neither expensive nor| 588 44.4 539 64.7 44 4 NY N
cheap '
Q Expensive 5.9 0 5.9 5.9 0 38

Source: Zimbabwe field survey (1998)

Most or 82% of the housecholds preferred an annual payment system, while 11%

wanted to pay on a monthly basis. Residents interviewed also had some definite ideas

about how the introductionfexpansion of PV systems could provide popularity):

raising poultry, sé!ling cold soft driaks, knitting/sewing, running a barber shop,

carpet cleaning, and milling. Among them, one household in Turf/Manyoni has started

a knilting/sewing by receiving grairis instead of money.

(8) PV Expansion Plans



For most houscholds surveyed, any future expansion of their 25-wall systems
would be used to power the following appliances (listed in order of prefercnce):
refrigerator, fluorescent tube, electric stove, television set, and radio/radio cassetle,
Most or 93% of them preferred to pay for the additional capacity on an 3-year
installment basis. Table 5-26, which generates threc scenarios using different
assumptions for interest rate, shows that all houscholds arc willing to cxpand if
current 3ICA terms continue (o be applied, and that most will still do so if a low
interest rate and a repayment poriod of 10 years is applied. I market rate are used,
however, more than half of surveyed houscholds (particularly these living in Turf) are
not likely to expand. Most of the households who did not want (o expand had “sum of

disposal income and savings end-1996”of less than 2$20,000.

Table 5-26 Prospects for PV Expansion in Kadoma

A ' B C
Cursent JICA Termis Low interest sate (15%) Curseat market rate (30%)
Initial payment (Z3%) 750 0 0
Installment {Z$) 500 1,800 2,940
Repayment period (year) 5 .10 10
Areas ' Geja Turf | Ave. | Geja | Turf | Ave. | Geja Turf | Ave.
Will expand (%) 160 100 100 | 938 | 889 | 920 533 714 | 59.1
Will not expand (%) 0 0 Q 62 | 11.1 | 80 46.7 286 | 409
Total (%) 100 100 100 100 160 | 100 100 100 100

Source: Zimbabwe ficld survey {1998)

5.6.5.2 S56W PV- Electrified houscholds

~Among 101 households monitored in Kadoma district, 34 households increased
PV capacity up to 56 wallt _PVlsystem supplied by JICA, consisting of 1 panel, 3
fluoresceﬁl tubes, and 1 outlet for radiof'l‘.\", in August 1998. The JICA Study Team
conducted an interview with 20 households expandéd PV éapaciiy at Geja and ;[‘urf in
December 1998. At that moment, the new systems have been in use for about 4 manths.
As it could not obtain answers from all households surveyed for some questions,

figures expressed in percenlage are not always shown at intervals of 5%.



{1) Outlire of the housecholds surveyed

The average family size of the houscholds interviewed was calculated to be 12,
Number of rooms of the houschold was averaged 8. Most or 80% of houschold heads
surveycd were found to engage in own farming, followed by business, transportatioa,
gavernment official. An average Gross Total Annual Income (GTAL) in 1997 was
7829,300 after excluding two cases, shop and a farmer whose G'i‘/\l exceeds

75100,000. Average saving at end-1997 was found 7Z$2,000.

{2) Applitances

Average profile of appliances surveyed arc one radio, one TV, and three
fluorescent tubes with average length of vsage per day was 9.6, 2.5, and 2..5 hours

respectively. Length of usage per day of an outer light, one among three observed in

Geja was same as those of lights installed inside.

{3} Evaluation of connection and annual maintenance fees

For the enlarged 56 watt J!CA PV system, each household was requested to pay
751,500 as a connection fee and ZSl,440!year as an annuval maintenance fee. Two -
third of the households sﬁrvéyed reparded these amounts as being cheap and neither
cheap nor expensive. Most or 90% of the households préferre'd an annual payment

system for the maintenance fee, while 10% wanted to pay on a monthly basis.

{4) Satisfaction

As many as 70% of the houscholds surveyed expressed big satisfaction with their
new system, while 30% houscholds expressed just about (ﬁeérly satisfied) due to

limited capacity than the family’s need.

(5) System troubles encountered
About half as 45% of the households surveyed experienced none of problems,
while some of the difficulties encountered include swilch breakdowh, voltage

fluctuation in use, system breakdown due to overuse, battery breakdown, charge

controller breakdown, and defuses.



{6) New income generation

Two-thirds of the households intervicwed raised some id¢as for new income
generation by use of PV system, include poultry, and knitting/sewing. One houschold
in Turf started PV poultry business by 11 hours lighting a day for 100 chickens for 6
weeks as the first trial, resulting in Z8$1,500 as sales amount with zcro profit, That

§ houschold startgd already the second batch for PV poultry.

{7) PV Expansion Plans

For most houscholds surveyed, any future expansion of the PV systems wauld be
uscd to power the following appliances (listed in order of preferences): refrigerator,
clectric stove, and fluorescent tube, Most or 74% of the household preferred 1o 56 watt
system, followed by 21% for 25 walt system for future expansioa if the same paying
conditions as this time for JICA system is applicd.

As a whole, expanded JICA PV system are preferred by the households in

Kadoma district with their satisfaction.

§5.6.6 Results of Survey of Public Institutions
(A) Clinics
(L Clinics Surveyed

There were 591 unelectrified clinics in rural Zimbabwe as of end-1995. This
is equivalent to about 48% of the national total of 1,232 {see Table 5-27), “Rural
Zimbabwe™ here is taken to mean the nationa! figure minus the big cities of Harare,

Bulawayo, and Chilongwisza.

Table 5-27 Number of Clinic’é in Rural Zimbabwe as of end-1995

: Modes of Electrification {in) . Piped water - Telephone

g Province El?e::;'f UE Eledc‘;;);' Available  None | Available None Total
MNL 144 84 63.2 199 29 152 76 228
M-C 59 46 56.2 66 39 - 68 37 105
M-E 30 80 50.0 112 48 19 41 160
M-W 118 53 69/0 125 - 46 124 47 171
MDL 32 60 34.8 80 i2 33 59 92
MTN 44 60 42.3 10t 3 68 36 104
MTS 101 107 48.6 113 95 158 50 208
MSV 63 101 38.4 125 39 81 81 164
Total 641 591 52.0 921 311 805 427 1,232
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Note: MNL= Manicaland M-W= Mashonaland West  MTS = Matabeleland South
M-C = Mashonaland Central MDL= Midlands M3V = Masvingo
M-E = Mashonaland East MTN= Matabeleland North
Sources: Ministry of Health and Child Welfare (1995)
Zimbabwe National Heaith Profile (1995)

The average number of employees (including nurses and nurse aids) for rural
clinics is six. One clinic usually has 2 buildings, with 16 rooms all in ali. Average for
out-patients per month is 1,300, while number of deliveries per month is 8.6 (5.6 if
grid-connected clinics are exluded). The most common sicknesses in 1996 (listed
according lo rank) were as follows: acute respiratory infections, diarrhea,

sexvally-lransmitted discases, malaria, skin diseases, and injuries from accidents.

(2) Priorities of Clinics
For majority of the rusal clinics in Zimbabwe, clectricity is the number one
priority, followed by medicine, water supply, telephone, and rcgulaf visits to the
clinics by physicians. This is due (o the high number of deliveries and emergency
outpatients in the evenings. As much as possible, most ¢linics prefer grid connection
as their main source of energy, followed by PV, and then diesel generators. Average
consumption amount of paraffin per month is 45.7 kg, used mainly to poWer
refrigerators that store vaccines
Mosi clinics depend on donor contributions in order to continue operating.
For 1996, some 45% of these clinics received higher than they got the previous y.ear,
while 35% received less. Majority, or 90% reported an increase in operating cosfis,
however. The lack of a stable source of income might prove difficult for clinics to pay

the mdnlhly maintenance fee for PV installation.
(3) PV-electrified Clinics

Between the period 1990-1997, eight out of the 31 clinics surveyed were PV-

electrified, as shown ia the following table:
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ablc 5-28 Number of PV- Flecinhed Clinics in Rural Zimbabwe (1990- 1997)

Year 90 91 902 | 93 04 95 96 07 |
Number 1 0 1 2 i 2 0 !
Capacity 20 35 150 18 15 106

(Watt) 150 225

Source: Zimbabwe ficld survey (1997)

Some of the more comman complaints about the PV systems installed was the
limited power supply, failure of appliances to operate, and inability 1o use the system
because aof lack of sunshine. There was only 1 case of a stolen panel. For future

expansion, most clinics hope to be able to use PV to power more fluorescent tubes,

refrigerators, and radios.

(B) Schools

There are 6,169 schools pn"imary and secondary schools in the whole of
Zi:ﬁbabwc, with a total slﬁdcnl popuialion of 3.2 million and 82,000 teachers. On the
average, éach school surveyed has 21 emplo.yees, 660 students, and 15 classrooms (see

Table 5-29). Six schools follow a system of holding two classes in a classroom per

day.
Table 5-29 Summary Details of Schools Surveyed
- ' Primary Secondary Total

Total number of schools 14 6 20
Number  of schools with  2- 4 2 6
classes/room system

Number of PV-electrified school 0 0 0
Number of grid-connected school 0 2 2
Number of teachers per school - 18 28 21
Number of students per school - 687 613 661
Number of classrooms per school : 14 13 15

Source: Zimbabwe field survey (1997)

Most schools regard the availability of classrooms as their number one
priority, followed by water, textbooks, a school library, and finally electricity. As an
energy source, PV came out on tap, followed by grid connection, diesel generator, and
then paraffin. Fluorescent tubes, radios, and refrigerators came out as the top

priorities of the schools for future PV expansion.
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Average operating cost of a regular school is Z884,000 and arouvad Z$500,600
for alarger onc. Students’ tuition fecs are the main source of income for the schools,
although there is also some funds coming in from donations. Just like the clinics, it

might be a problem {or schools 1o allocate a regular budget for system maintenance.

Apart from the survey carricd out by Southern Centre, the JICA Study Team
made an independent survey {through face to face interviews) of three i’V-c_lectrified
secondary sc:hbols near Mutlare in Manicaland Province - Dora, Gwirindindi, and
Karirwi. All three schools have in pl.ace lwo 83-.w:al_t PV panélls conﬁeéted to 17
fluorescent tubes, with onc outlet for a TV or radio. Each school has an average of 28
employees, 767 students, 6 classroom buildings with 12 classrooms.

HHomework is assigned every day of the week, with students requiring an
average of 1 hour and 50 minutes per day to complete them. For these three schools,
it is most important to have classtooms, followeﬂ by watér, lexlbooké, and desks. PV
came out as the most popular choice as a sdurée of eﬁergy,-fﬁllowed by diesel
generator, grid connection, and gas,

These 's.choots are not required to pay the system fee (roughly cquivalent to
Z2830,000), but are given one-year free maintenance by installers. After this period
expires, schools have to begin maintaining a separate budget for further maintenance.

Schools will prepare the maintenance budget from General Purpose Fund andfor

School Development Fund which are prepared by students” families.  Some of the

schools had TVs and radios hocked up, but these were mostly. .person'ai items of the
lcachcrs/sléff. |
"All schools expressed satisfaction with their PV systems, but expressed a
common desire for expanded capacily in the future to be able to connect applicances
like refrigerators, eleciric typewriters, copying machines, television sels, and
telecphones to the systems. The expansion of PV is also expected to help students
conduct science cx'perinlénls. All three schools expressed preference for "an
installment payment scheme, with a downpayment of about half the system cost.
The budgets of Gwirindindi and Karirwi for 1996 were Z5$280,000 and
Z3160,000, respecitvely (sec Table 5-39). No budgetary support is given by the Rural

District Council, while teachers’ salasies are paid by the national government,



Savings as of ycar-end was in the range of Z830,000-50,000. Onc future plan of these
PV-electrificd schools is to hold night classes for adulls who work during the daytime.
It might take some time before this materializes, however, as most schools have no

¢xtra budget to hire extra teachers.
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8.6.7 Results of Interviews with Village Leaders

The wide acceptance of JICA’s PV systems is, to a large extent, due to the

supporl given by the village leaders/regional development councils, cspecially in the

pre-installation stage when the Study Team first introduced the idea to the target

houschelds/public institutions, Apart from the general survey conducted, therefore,

the Study Team saw it fit to separalely interview village leaders, i.c. councilors,

officers, rescttlement head, headmasters, ¢ic., to get their “compréhensive” view on

the installation of PV systems in their respeclive arcas. Said interviews were

conducted using the same questionnaire for houscholds, and their comments/opinions

are summarized as follows;

(8]

Solar power is quite popular in the village of Geja and Turf primarily because of
the AFC loan facility;

The JICA solar scheme is a welcome development in both 'villages, as it provides
cheaper connection fees and lower repayment fees than the _GEF program, uses
local solar companies as installers, monitors the progress of the systems, and
included schools as beneficiaries;

There is 2 need for better toan facilities for the technology to become more popular
in these areas;

PV is the best source of electricity for lighting a clinic at nighttime. Expanded
capacity is anlicipated in order to connect bigger appliances like refrigerators and
sterilizes in the future;

The introduction of PV in schools is a very welcome deve!bpmém as it paves the
way for the holding of night classcs and facilitating more difficult scientific
gxperiments by students in the school lab;

The JICA systems are very well-received, but there is a common desire by users to
expand the existing capacity of 25 watts. Most households want to expand lighting
to include 5 rooms, and connect appliances like irons and etectric cooking
apparaius;

Of the households bcncfﬁing from the JICA systems, some of the more common
problcms encountered include: theft, breakdown of stem/pole, fluciuation of
voltage during use, loose wire conneclion at battery terminals, corrosion of baltery

terminal, low levels of pure water in the batteries, and poor system installation.



The cases of theft usually occur in public institutions where no one/few people are
around at night/during weekends. Some people have taken to installing alarms in

their systems to guard against thieves.

5.7 Demand forecast
5.7;1 Mélhodology of PV demand foreeast
) Houscholds

In order to forccast the demand for PV systems by rueal households (DR'I-I) in
Zimbabwe, il was first necessary 1o aobtain data on the forccasted population étarling
from 1996. This was followed by the calculation of the number of unelectrified
households using figures for rural-urbaa ratio, average rural family size, and ratio of
unelectrified households. The number of unelectrificd households is multiplied by 50,
the average PV capacity of each household in order to finally determine the future
rural household demand for PV.

‘ It is conceded that not all rural households will be able to afford PV electricity.
This makes il necessary to compute the ratio of houscholds that can afford PV to the
total figure. To do this, the following procedure was done:

1. Calculate ratio of lighting expenditures to total expenditures (L)
I. = total lighting expenses + total expenses
_During the most recent field study in Zimbabwe, this figure was 2-3%.
2. Calculate cost of electricity (CE), assuming different scenarios for economic
growth (low and high-growth).
3. Determine minimum GTAI level for PV electrification (GPV)
Necessary condition: GPV=CE/GTALl = 4%
4, Calculate ratio of households that can afford PV (HPV})
HPY = GPV +GTAI obtained during first study
5. Calculate demand for PV among rural households (DPV)
DPV = HPV * DRH

Figures used for GTAl and electricity cost are actual figures for 1996 {excluding
inflation and levies). Two assumptions for GTAI growth are forecasted regional GDP

growth rates of 3% and $% (the target).
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Table 5-31 Ratio of Lighting and Fuel Expenses to Total Expenditures (%)

Electrification UL PV - GE Average
Fitewood 1.7 1.4 1.1 1.4
Other fuel 1.1 . 1.4 4.3 1.7
Paraffin 1.0 1.8 0.4 1.3
for lighting {0.6) {0.7) {0) (0.5)
for others (0.4) (1.1) (0.4) (0.8)
D1y battery 2.9 0.6 0.5 1.3
v 0 1.4 0 0.8
Grid electricily 0 0 4.4 1.0
Total lighting ¢tc. 3.5 2.7 4.9 3.6

Note: Total lighting etc = paraffin for lighting + dry 'bauery + PV + Grid
clectricity

Source: Zimbabwe field survey {1997)

(2) Public Institutions
The total number of the unclectrificd public institutions, i.e. clinics and

schools, in the rural areas per unil number of rural population was calculated using
actual 1996 data on rural population, uncleetrified ratio, and number of present public
institutions in 1996.

Future PV demand is calculated by multiplying this index by the rural poiaulalion
and the average number of PV units demanded by public institutions.

It was assumed that electric fees of rural clinics will be shouldered mainly by
donor orga'xtizalions, while and those for schools will be covered by s‘tu'de‘nls’lfces. It
was also assumed that residences of clinic and school staff are to be electrified by PV.

The sum of these two caomprises total demand for PV in public institutions.

5.7.2 Assumptions
(1) For both of household and clinic

a. Population forecast

The Study Team assumed a 3% population growth rate based on actual 1985-1996
figures obtained from the CSO National Accounts (1997). For the period 1985-1990,
average growth was plotied as 3,14% per annum, while for the period 1990-1996, the

average was 3.33%. For 1992-1996, this figure was 3.41%.




As shown in Figure 5-6, the Study Team’s forecast, 3%/year rate, dropped in
center among other compared cases including 3 cases in Census 1992 by CSO, and

population forecast as a basis of wood fucl demand forecast conducted by DOFR of

MOTE,
Pertili M li
Case 1. Line¢ar decrease Constant
Case 2. Constant until 2002 Constant
Case 3. Linear decrease Lingar decrcase

It should be noted that the JICA Study Team extended the forecast (which was

originally only to 2007} up to 2017,
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Figure 5-6 Forecast of population in Zimbabwe

Source: Zimbabwe field survey (1997 and 1998)



b. Ratio_of Rural to Total Population

It was assumed that the ratio calculated by the CSO until 2007 applies
beyond this period. The Study Team followed this trend in extending the forecast
up to 2017 by use of logistic function. The figures aré as follows:
Year 1992 1997 2002 2007 2012 2017
Ratio of Rural to 69.4 66.6 64.0 61.2 60.6 58.2

‘Yotal Population

¢. Household Size
Although the average houschold size obtained during the last field survey was 7.1,
the figure used for the calculations was 5,106, taken from the 1992 Census, given

that this covers a bigger sample size.

. National Ll ification Rali

The Study Team assumed that 95% of rural Zimbabwe is unelectrificd, following

the 5% electrification ratio of the ZESA survey.

{2) Households ' g
g Size/C .

A 50-watt PV system was assumed for the houschold inslallafibns expected to

power 5 fluorescent tubes and one outiet for a TV or radio. This waé bascd on

present capacity of PV-electrified households and survey results (particularly the

current beneficiaries’ plans for future expansion).

b. Gross Tolal Anaval Income (GTALD

The average obtained for unelectrified households in six provinces was 7$26,200.

This figure was ;nodified by the Study '[‘e'am_'lo get an average figure for eight

provinces, however, incorporating new information taken from the ZESA report. !
The new average was computed to be Z2323,000. Two cases for determing real

growth of GTAI were carried out, onc assuming a 3% growth/year, and the other one

assuming the 5% target of the Ministry of Industry and Commerce.
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¢. PV Llectricity Fee

Various figures for PV electricity fee can be calculated assuming differemt figures

for PV system capacily, system cost, and othcr indicalors.

IFor this Study’s

concerns, 3 cases were generated for a S0-watt system: 281,400 (almost equal to fee

being charged by JICA for its systems); 253,400 (almost ¢qual to the average

ccpayment amount paid by PV-clectrified houscholds); and 782,100, the

midpoint/median of the two previous figures. Four cascs were then generated using

a combination of assumptions for system price and interest rate. Results are as

follows:
1 %% System price Repayment Minimum
Electricity Interest Rate income
) Fee = required
Case 1 7%$1,426 Z$ 1,600 15% 1y Z3$35,300
Case 2 7%2,067: Z$ 7,600 30%/y 7Z$51,700
case 3 752,184 75 13,050 15%1y Z$54,600
case 4 283,353 Z% 13,050 30%%/y 7Z$83,800

(3) Public Institutions

(3)-1. CLINICS

a._Number.of Clinics

‘The number of clinics per million people was assumed to be 118.4, the average of

figures obtained between 1995 and 1997. The figures for these years were derived

by dividing forecasted rural p'a‘pulatio'n by the no. of rural clinics (from the CSO

Quarterly Digest of Statistics, September 1997). Actual figures are shown below:

Rural population (in millions})

No. of rucal clinics

No. of clintcs per million people

Capacity of rural clinics was assumed to be 233 walls, based mainly on survey

1995
7.815

926
118.5

1996

8.014
9438

118.3

Average

118.4

results. This system is expected to power total seventeen 7-watt fluorescent tubes,
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1 light for use overnight (13 hours), t outlet for a TV/radio (to be uscd 8 hours in
the waiting room), 2 lights for night deliveries (13 hours on a fortnightly basis). It
was also assumed that refrigeraters currently running on paraffin will not be
connecled to an 83-watt PV panel. Three residences of clinic employces will also

be PV-electrified, cach using a 50-watt system.

(3)-2 Schools
a. Number of Schools

A total of 520 schools (primary and secondary) per million persons was
assumed, following actual figures for 1995-1997. The number of rural schools
(obtained from CSO Facts and Figures 1997) was obtained by multiplying this

figure with the total rural population,

1995 1996 1997 Average
National population (in millions) 11,526 11,908 12,265
Number of schools 6,169 6,185 6,200

Number of schools per million people 535.2 519.4 505.5 520

b. Number of Unelectrified Schools

The number of unelectrified schools is assumed to be the same as number of

unelectrified clinics, which is 48% of the total number.

¢. System Size/Capacity

It was assumed that 499-watt systems would be installed in the schools, powering
seventcen 17-watt fluorescent tubes and one outlet to be used for 3 hours, 15
classrooms {each with 2 fluorescent lights), 2 laboratories (to be used 1 hour), and

S residences of teachersfschool e.mployees (each one with a 50-watt panel).



5.7.3 Results of PY Demand Forccast
Forccast of PV demand both for unelectrified houscholds and public institutions
{clinics and schools) in rural Zimbabwe are summarized in Table 5-34.
(1) PV Demand FForecast for Unclectrified Households
It was observed that PV electcification fee and capabi.lily of houscholds to pay
% are inversely related,' i.c., the lower the electrification fee, the higher the capability to
pay. It was also noted that the capability of houscholds to pay seems to increase every

year, This is quite logical as GTAI continues to grown yearly as well (sec Figure 5-7).
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Figure 5-7 Relationship Between Aanual Electricity Fees and Acceptable PV

Fee for rural PV houscholds
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Table5-32 PV demand forceast for unelectrificd households and Public Institutions

ltem Units 1996 | 1997 2002 | 2007 2012 2017
Population - _Million 11.908 | 12265 14.219 16.483 19,109 22,152
Rural dwell ratio % 673 | 668 64.0 612 582 55.2
Rural population Million 8.014 8.193 9.100 10.088 11,12} 12.228
Rural family size Person 3.16 516 5.16 5.16 5.10 5.16
Rural households Million 1,553 1.558 1.764 1.955 2155 2.370
Rural unclectrified ratio % 95 95 95 95 95 95
Rurat unelectrified Million 1475 1.508 1.675 1.857 2,048 2251
houscholds _
PV demand for houscholds
Growth rate of GTAI = 3%/y -
Llectricity fec: Z51428/y Affordable . 19.1 19.6 244 293 34.1 389
%
7352087y Affordable . 1.2 114 150 (8.6 222 25.8
%
752184/y Affordable . 10.1 104 139 173 20.8 24.2
o ;
7833537y Affordable . 49 4.9 7.1 93 11.5 137
o, .
Vlectricity fee: Z$1428/y AL HH. Mit | 0282 0.296 0.409 0.544 0.698 0.876
252087y AL HH.Mil | 0.165 0.172 0.251 (1.345 (.455 0.581
Z82184/y AfTIN, Ml | 0.149 0.157 0.233 .32 0.426 0.545
753353y Al HH. Mil 0,072 0.074 0.119 0.173 0235 0.308
Flectricity fee: Z$1428/y MW 14.1 14.8 204 272 34.9 43.8
752082y MW 8.3 8.6 12.6 173 22.7 29.0
282184ty MW 7.5 7.8 11.6 S161 '21.3 27.2
253383y MW 3.0 3.7 59 8.6 11.8 154
Growth rate of GTAl = 5%y :
Electricily fee: Z81428fy MW 14.1 15.2 238 342 46.2 60.2
7520871y MW 8.3 846 154 23.5 33.1 44.2
Z$2184/y MW 1.5 1.1 142 219 31.0 41.7
Z83353/y MW 3.6 3.6 8.0 13.2 194 26.6
PV demand - for public
institution
Rural clinics, 233 walls . -
No. of rural clinics No. 952 973 " 1081 1198 1321 1453
Unelectrified clinics No. 457 467 519 575 634 697
PV demand for clinics MW 0.1 0.1 0.1 0.1 0.1 0.2
Rural school. 499 watts : - _ - _
No. of rural schools No. 4167 4260 4732 5246 5783 6359
Unelectrified schools " No. 3709 3791 4211 4669 5147 5600
PV demand for schools MW 1.9 1.9 21 23 2.6 2.8
Public Institutions’ demand MW 2.0 2.0 22 24 27 3.0

Source: Field survey in rural Zimbabwe in 97
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In 199?, number of alfordable rural houscholds for PV system and PV demand for rural
houscholds is forecast 1o be 70,000 and 4 megawatts (MW) if electricity fee of Z$ 3,400,then,300,000
households and 15 MW if Z31,400. Average of the lwo is 160,000 and 8 MW.  For the casc of 3%/year
GTAL growth rate, future forecast number of affordable rural households and PV demand for

% houscholds is to be 310,000 and 16 MW on the average, ranging from 170,000 to 540,000, and from % te
27 MW by the year 2007, when the figure is 540,000 and 27 MW ( from 310,000 to 880,000, and from
15 to 44 MW) following an annual growth rate of 6.3%/year. For the case of 5%/year GTAI growth rate,
future PV demand is forecasted to be 22 MW on the average, ranging from 13 to 34 MW in 2007. Figure
for 2017, is 41 MW tfrom 27 to 60 MW) at a growth rate of 8.4%/year.

Demand for PV for households is summarized as follows:

Growth rate of GTAI Unils 1996 1997 2002 2007 2012 2017
3%y MW 8 8 12 16 21 27
S%ly MW 8 8 14 22 31 41

Conditions for PV demand forecast for houscholds in rural Zimbabwe is summarized as

follows:

Table 5-33 Conditions for PV demand forecast for households in rural Zimbabwe

Casc Capacity terest Electricity fee Necessary nrinimum
(W) (bfyear) (Z3/year) GTAI (Z8/year)
1 Ideal price 50 15 1,426 35,700
2 1deal price 50 30 2,087 51,700
3 Market price 50 15 2,184 54,600
4 Market price 50 30 3,353 83,800

Source: Field survey in rural Zimbabwe in 1998

(2) PV demand of Public Institutions

Among 973 of rural clinics in 1997, it is estimated 467 clinics are to be electrified using PV.

PV demand for clinics is estimated to be 0.1 MW at 233 watt for the unit capacity of clinic, followed by
0.1 MW in 2007, and 0.2 MW in 2017,

Unelectrified schoeols are estimated to be 3,791 among 4,260 in 1997. PV demand for schools
is estimated 1.9 MW at 499 wati for the unit capacity of school, followed by 2.3 in 2007, and 2.8 MW in

2017. Total PV demand for public institutions, consisting of clinics and schools, is estimated 2.0 MW in
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1997, 2.4 MW in 2007, and 3.0 MWV in 2017, much smaller than those for households.
The technology transfer regarding procedure for PV demand forecast quantitatively related to

the electricity fee, GTALof the houschold, affordable ratio has been carricd out to the official of DOE as

the counterpart.

(3} Themes for the Promotion of PV Electrification

One of the most important issues that needs to be addressed in the promotion of PV
clectrification is the preparation of an appropriate budget to pay for regular electricily fees, particularly
by public institutions including schools and clinics. This may prove difficult, however, as both types of
public institutions generally suffer from lack of fuads. For séhools, this is particularly difﬁcull since
theit main source of income is tuition fees by the students. No income is derived from donor
organizations. Clinics, meanwhile, rely almost exclusively on donor organizations, and cannot usually
count on fees from oul-pélicnl to provide the extra money. A possible solution that could help assist
these public institutions in augmenting their current sources of incorﬁc is to sell the spare eleciricity they

will derive from their PV systems in order to cover their regular electricity fees.




ECONOMIC EVALUATION

6.1 Introduciion

Roughly 28.2% of Zimbabwe is elcctrified at preseat, with rural arcas having a low
electrification rate of 4.6%, as opbosed to a high 71.7% rate in vrban areas. ZESA is the
implementing agency for rural electrification in the country, but is at times constrained by
budgetary issues in carrying out this mandate. Investment cosls for rural electrification are
very expensive because customers are usually located far from the exisling grid. Moreover,
electric power demand in rural arcas is usually very small since customers have only lighting
requirements, resuiting in a tong cost recovery period.

In this study, the economic evaluation will weigh the costs and benefits of rural
electrification by PV systems and by grid cxtension, considering the needs and repayment
capabilitics of the rural residents. The prospects for expansion of the PV industry in
Zimbabwe and the possibility of lowering the cost of PV systems will also be examined.

It should be noted that the figures used in this section were based on data gathered in
March 1597, one month after the Study commenced. They do not reflect the drop in the
Zimbabwe dollar (and the subsequent rise in consumer pries) towards the end of the same

year.

6.2 Qutline of the GEF Project

The ongoing GEF solar project in Zimbabwe, underlaken in cooperation with UNDP and
the Government of Zimbabwe (GOZ), has been installing PV systems in rural arcas siace 1993.
Funds of US$7 million plus Z$4 million (about US$4080,000) in Xind were allocated
respectively by the GEF and GOZ.

The original project target was to install 9,000 systems (45W equivalent) within a period

of 5 years, but by year end-1997, this was exceeded with about 9,800 equivalent systems in
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place. To make the systems more affordable to low-income customers, ATC extended low
interest loans using (unds from UNDP/GEF project (discussed in more detail in Chapter 7).

There are several PV manufacturing companies in Zimbabwe which import components
for assembly into systems such as charge controllers, PV modules, fluorescent lights, etc.
Table 6-1 shows samples of PV system prices in Zimbabwe obtained during the first field
study,

On the average, the breakdown of tolal cost of a PV system is as follows: 37% module,
19% lights, 14% battery, 6% charge controlier, 8% installation, and 16% other. In addition,
customers usually are charged significantly at a rate of Z83/km for transportation costs, as
most of them live in rural aceas located far from PV installing companies.” As a result, the
share of transportation in total system cost often is rather high.

As shown in Table 6-1, the tot |} price of the small system is lower than the large onc but
the price of the large system on a per watt basis is lower than the small one. This is
cxplained by the fact that in small systems, the prices of modules, batteries, and lights are
directly correlated 1o the system’s capacity. The prices of these items, change more o less in
step with the size of the system. Therefore, the smaller the system, the lower the cost of these
components (and vice versa). Meanwhile, the prices of other equipment such as charge
controllers, mounts for PV modules, installation cost-and transportation cosl changes iiitle
regardless of the system’s capacity. This inflates the per Wp price of small systems — for the

smatlest system (20Wp), for instance, the share of the charge controller in the total cost js

about 15%.
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6.3 Current Situation of Power Supply System
6.3.1 Power Generation | |

ZESA is the main agency responsible fﬁr supplying clcctrici;y througheout Zimbabwe,
both in the urban and rural arcas.  Power éupplicd in 1995 was 10,495 GWh, 4% higher than
the previous year, Power came from five ZESA pdwcr plants supplying a total of 7,323 GWh
and imports from Zambia, Zaire, and South Africa to!éling 3,172 GWh.

Of the five powér blénts mentioned above, four plants (Hwange, Munyati, Harare,
Bulawayo) are coal-fired thermal facilities while the other one (Ka'ril.m) is a hydropbwer plant.
The liwange _and Kariba plants account for more than 90% of the total output, | as the
remaining'three plants are small-scale and ha‘.}c Ecen operating for more than 50 years, thus
having low efﬁciénty.

The foliowing table provides more details about each of these ptants:

Table 6-2. Current Situation of 5 Major Power Plants in Zimbabwe (1995/96)

Name Output Capacity Plant factor Thermal Coal

- {Gwh) (MW) (%) efficiency | ‘consump.
. " . (%) {kg/kWh) .
Hwange 4,634.9 920 62.23 28.06 0.505
Munyati 2472 120 25.11 18.13 0.652
Harare 175.7 135 - 16,42 21.47 0.564
Bulawayo 102.4 ‘120 10.53 19.16 0.645
Kariba 2,163.1 666 37.04 81.65 :
Total 7,323.3 1,961 45.09 43.24 0.517

Source: ZESA (1996) Annual Report and Accounts

6.3.2 Transmission and Distribution Lines

7ESA has several kind_s of transmission and distribution lines -- 420 kV, 330 kV, 220 kV,
132 kV, 110 kV, 88 kV, 66 kV, 33 kV, 22 kV, and 11 kV for transmission lines and 225/390 V
for low voltage distribution line. The total length of transmission and distribution lines in

Zimbabwe is now 58,683 km, broken down by type as follows:

22 kV 15,307 km
11 kV 30,974 km
2251390 ¥ 12,402 km
TOTAL 58,683 km
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Expansion of the power transmission nctwork is now being planned and transmission
lines of morte than 11 XV will be increased by about 2.7 % Ihroﬁgh a loan from the Africa
Development Bank {(AfDB). The Ministry of Transportation and Energy is also proceeding
with rural electrification development based on a masler ptan study for rural electrification

completed by an Indian consultant.

6.3.3 Electricity Tariffs

Electricity tariffs in Zimbabwe are collected from the following kinds of consumers:
domestic, mining & industrial, commercial, and agricultural customers, and government
(mainly for public lighting).

For domestic customers, there are basically three kinds of collection systems -
conventional meter, prepayment meter, and a fixed fee system for load-limited customers.
The conventional meter system includes a basic monthly charge of Z$19.08 plus a per kWh
charge of 19.14¢/kWh for the first 300kWh, and 44.63¢/kWh for any additional usage. The
prepayment meter system (using a prepaid card), meanwhile, involves a fixed éhargc of
34.08¢/kWh. Finally, the load limited system involves a fixed monthly charge based on
Ampere rating.  Under this system, the charge for domestic customers is set lower than other

seclors.

6.3.4 Calculation of Generation Cost
The generation cost of a Zimbabwe coal-fired power plant was calculated using

information obtained from ZESA. The assumptions used are summarized as follows:

_ITEM S . ASSumptTIiON
Construction cost US$560 mitlion
Power plant capacity 060 MW ,
Interest rate ' .10% (assumption)
Power plant life time 30 years
Plant factor 80%

Coal price Z$100/ton

Heal rate 5,893 kcal/kg
Efficiency 32%

Operation & maintenance cost US$1.4X 10%/kWh
Percentage of own use 6%

Exchange rates Z510.8/USS
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The calculations (shown in Table 6-3) yiclded a result of 23 cents/kWh.  This
approximates the average gencration cost of 17.3 ¢cenis/kWh {which includes the hydropower
plant) quoted in the ZESA Annual Repotl.

Present elecicicity rates, sct on the basis of average generation cost, come to about half
of the long-run marginal cost (which ZIESA calculated based on the Power Development Plan
released in January 1996).

As a result, ZESA is planning to gradually increase electricity

rates in order lo meet the long-run marginal cost in the future.

~Table 6-3  Net Generation Costs of Coal-Fired Power Plants

264

Descriptions Unit C.pP Note
1. Total Construction Cosls 1000 USS 560,000
2. Installed Capacity MW 660
3. Construction Cost per kW USS/kW 848
4. Interest During Construction US$/kW 851 10%of
o _ construction cost
5. Total Invéstiment per kW US$/kW 933
6. Life Time Years 30
7. Discoum Rate % 10%|assumption
8. Capitat Recovery Factor 0.11
9. Anaual Capital Cost per kW USS/KW 99
10. Plant Utilization Factor % 80%
11. Annual Operation Hours Hours 7,008
12. Capital Cost per kWh USS x 10~ /kWh 14.13
13. O/M Costs USS x 107° /kWh 1.40
14. Fuel Price USS$/ton 9.26|(Z$10.8/USS)
15. Heat Contenmt kcal/kg 5,893
16. Thermal Efficiency % 32.00
17. Heat Rate kcal/kWh 2,688
18. Fuel Consumption for 1 kWh kg/kWh 0.456
19. Fuel Cost for 1 kWh US$ x 1077 /kWh 4.22
20. Generation Costs US$ x 10~ /kWh 19.75
21. Power House Gwn Use % 6%}
Net Generation Cosls US$ x 10~ /kKWh 21.04]
0.23|75/kWh




6.4 FEconomlcs of PV System Installation & Operation

For this study, 100 houscholds received PV systems in Turf/Manyoni and Geja, arcas in
the in Kadoma District. The basic system consisted of a 25Wp PV module, a 12V-60Ah car
battery or a 12V-40Ah deep eycle battery, two 7W fluorescent lights or one fluarescent light,

and an outlet for a television or radio.

SYSTEM COMPONENTS .. COSU(nZ$) o
25Wp PV modulc 1, 660
Charge controller 600
Battery ' 560
Fluorescent lights (2) 440
Battcry box 165
Mount pole for the PV modulu 380
Cable and other attachments 500
Total 4,245

When installing this kind of system, 15% for sales tax, Z$600 for construction costs, and

Z3$3/km for transporlation costs should be added to the total cost above.

6.5 Cost Comparison Between PV and the Existing System
In this scclion, the respective costs per kWh of electrification by PV and grid extension
are compared. In doing so, transporiation cost is not included. Fluorcscent lights and

indoor wiring {which are the responsibility of the houschald) are atso excluded.

6.5.1 PV System
Househaolds for PV system installation under this project are located in Kadoma District.
Meteorological data (solar irradiation) obtained in Kadoma was only for the 10 years from

1970 to 1980. Average monthly irradiation for this period was as follows:

(kWh/m?)

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. |°Sep. | Oct. | Nov.-| Decl

655 643 | 622 | 6.00 | 546 | 522 | 530 | 6.10 | 6.67 | 690 | 6.77 | 6.19

As the PV modules were at 17.5 degrees latitude, the irradiation quantity at 17.5

degree was calculated as follows:
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{ kWh/m%)

Jan, | Feb. [ Mar, | Apr. | May | Jun. | Jul. Aug. | Sep. | Oct. | Nev. | Dee.
| 571§ 555 | 579 | 599 | 5.95 | 5.78 | 5.86 | 6.51 | 6.77 | 6.53 | 6.05 | 5.41

Based on the above data, the annual cutput of a 25Wp PV system was calculated to be

22.79 kWh (refer to Table 6-4). {The method of caleulation is discussed in more delail in

Scetion 3.1.3),

able 6-4  Annual Elcctricity Generation of 25Wp PV Systems in the Kadoma Area

Insolation Totat loss Output Monihly
(kWh/m’/day) (kWh/d) oulpul
{(kWh/month)

January V| 9% 0.66 1.81

February 5.55 59% 0.06 1.76

March 5.79 59% 0.06 1.83

April 5.59 59% 0.06 190

May 5.95 59% 0.06 1.89

June 5.78 59% .06 1.83

July 5.86 59% 0.06 1.86

|August 6.51 59% 0.07 2.06

September 6.7 59% 0.07 2,15

October 6.53 59% 0.07 PAtY

November 6.05 59% 0.06 1.92
December 5.4t 59% 0.06 1.7 §?§:

2279

Other assumplions concerning the cost and life of the system used in calculating

generation cost are as folfows:

ITEM _ ASSUMPTIONS

Capacity of the system 25w
System price 7$3,157
Life of system 20 years
Annual output (receiving end) 22.79kWh/ycar
Price of battery including sales tax Z3644/peace
Life of battery 2.5 years
Number of batteries 1

Price of charge controller including sales tax ' 72$690
Life of the charge controller ‘ 5 year
Annual maintenance cost - 1% of total capital investment cost E
Interest rate : 10%

Note:  System price excludes fluorescent lights and indoor wiring.

The system price of 'Z$3,'1'S‘? was arrived at by adding the cost of the charge controller,

battery, fluorescent lights, cable and other attachments, adding an assumed installation cost of
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73600, and then applying a 15% tax.  The interest rate of 10% was assumicd on the basis of
current tates for low interest finance sourced abroad.  The annual maintenance cost of 1%,
meanwhilc, was arrived at by using the results of the social survey.

Using the above dala, generation cost per kWh of a 25Wp-PV system was caleulated.
Total annual cost for power generation included annual fixed costs, variable costs (battery and
charge controller replacement costs), and maintenance costs.

For PV systems purchased using bank loans, principal and interest are repaid to the bank
every year. §n this case, annual fixed cost is annual payment returned as principal plus intercst.
1t is derived by multiplying the borrowed amount by the capital recovery factor.

1)  Fixed cost per kWh

The price of the system is 283,157,

When interest rate is 109 and repayment period is 20 years, capital recovery factor is
calculated as follows:

CRF = (R{(1+R)"Y/((1L+R)"-1}
ﬁ‘ = (0.1(1+0.1Y%)/((140.1)™-1)
i = 0.117
Where: R=interest rate and n=repayment period
Therefore, annual fixed cost of the system is:
System price X Capital recovery factor (CRF)
= Z78$3,157X0.117
= Z$369/year
Fixed cost per kWh is:
Annual fixed cost + Annual outpul
= $369/ycar~22.79kWh/year

= Z816.19/kWh

2)  Variable cost per kWh (batiery and charge controller replacement)
Battery replacement cost of the system is calculated as follows:
Battery price X Number of balleries
= $644/peace X1

= 73644
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Annual cost for battery replacement is:
Battery replacemcent cost + Battery life year
= 73644~ 2.5 years
= 78258fyear

Battery replacement cost per kWh is:

Annual battery replacement cost + Annual output
= 7.$258/ycar +22.79kWh/ycar
= Z§11.32/kWh
Charge controller replacement cost of the system is:
Charge controller price X Number of charge controllers
= Z$690/picce X1
= 73690
Annual cost for the charge controller replacement is:
Charge controlier replacement cost = Charge controller life year
=7Z%690+5 years
= Z$138/ycar

Charge controller replacement cost per kWh is:

Annuat charge controller replacement cost = Annual output

= Z$138/year+22.79kWh/year

= Z36.06/kWh
Thercfore, the cost for the battery and charge controller replacement is:

7Z511.32/kWh+2%6.06/kWh = 17.38/kWh

Maintenance cost per kWh

invesiment cost (system price).

In this evaluation, annual maintcnance cost is assumed to be 1% of total capital

Annual maintenance cost is therefore 2$31.57.

Maintenance cost per kWh is:

Z$31.57/year + 22.79kWhfyear = Z$1.39/kWh

From the above calculation, generation cost of PV syslem was calculated to be

7.334.96/kWh, consisting of fixed, variable {battery and charge controller replacement cost),

and maintenance costs,
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6.5.2 Extension of 11KV Transmission ard Distribution Line

To carry out rural electrification by grid extension, an 11kV transmission line, an 11/0.4
kV transformer, and a low voltage distribution line for each houschold are necessary.  Per
unit costs of the 11kV transmission line {wood pole and 50mm’ conductor), 25kVA
transformer (11/0.4kV), and low voltage dislribution line (wood pole and 50mm’ conductor)
are Z5133,568.80/km, 7%$31,386.88, and Z8149,461,22/km respectively (Please refer to Table
6-5ta 6-7). These figures do not include transporlation cosis.

Assusing that a village that is 5 to 10 km away from the existing grid is clectrified by
transmission line extension, that there are 50 houscholds in the village, and that demand for
power in the village is 0.06 kWh/day/houschold (same as the casc of the PV system to be able
lo compare costs) the extension cost for 5 km is as follows:

Extension costs of 11kV transmission ling is:

75133,568.80/km X 5km=7$667,844.00

The cost of the 25kVA transformer {(which drops from 11 kV to 230 V for households) is
7831,386.88.

Assuming that the lcnglh of the distribution line needed to connect 50 houscholds to the
transformer is 1 km; the distribuiion line cost is:

75164,438.82/km X 1km=75164,438.82

Total costs for village electrification by grid extension can be calculated as follows:
11KV line cost + Transformer costs + Distribution line costs
= Z8667,844.00 + Z$31,386.88 + 7§164,438.82
= 78863,669.70

When interest rate is 10% and repayment per:iod is 20 years, capilal recovery factor
{(CRF) is:
(R(I+RY)/((1+R)*-1)
=(0.1{1+0.1)*)/((1+0.1)*°-1)
=0.117

Therefore, annual fixed cost for grid extension is:
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Total cost for grid extension X CRF
=73863,669.70X0.117
=75101,049.40/ycar
Annual power consumption in the village is:
22.79kWh/year-household X 50 households== 1,140kWh/yecar
Thesefore, grid extension cost per kWh is:
Annual fixed cost~ Annual power consumption
=7%$101,049.40/ycar + 1,140k Wh/year
== 7$88.64/kWh

Assuming that the electric cost at the receiving end in Zimbabwe is Z30.2/kWh, the
electric cost in the village is:
Extension cost + Electric cost
= Z$88.64/kWh+Z$0.2/kWh
= 7$88.84/kWh
This cost is 2.5 times that of electrification by PV. Going thf‘o_ugh'the same
caleulations for grid extension by 10 km, the cost arrived at is Z$157.20/kWh.

Both results are high compared to electrification using PV.
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Table 6-5 Costs for 11KV Line with Wood Poles (Conductor Size 50mimsq.)

Ttem Ne. Description Size or Voltage | Quantity | Unit Price Toial
Forex (78) | Local {Z3) | Forex (£3) | Local (Z$)
1 SCA Conductor (meter) S0mmsq. 3090 24.20 000 74,773.00 0.00
2 Wood Poles 11 metees 9 530.00 0.00F  4,770.00
3 Pin Insulators 11 kV 24 440.00 0001 924000 Q.00
4 Disc Insulators 18 990.00 0.00] 17,520.00 0.00
5 Stay Insulators 2 30.00 0.00 60.00
6 Tasulator Pins 1kV 21 8.00 0.00 163.00
7 Wood X-Arms 5% 6 7 15.00 0.00 105.00
8 Ci har_ine1 X-Arms 4x2 2 : 5000 0.00 100,00
9 iStrain Clamps 6 275.00 0.00 0.00 0.00
10 |Galvanised Stay Wire (meter) W12 60 3.00 0.00 180.00
11 Siaf,'s Complite 8x 58" 4 36.20 0.00 144.80
12 |Galvanised Eanth Wire (meter) M4 120 3.00 0.00 360.00
13 [Earth Rods 8x 58" 2 25.00 000 50.00
14 Earth Connectors 2 12,00 0.00 24.00
15 |PG Clamps 6072 6 4.50 0.00 2100
16 |Twisted Shackles 6 9.00 0.00 5400
17 |Pole Top Brackets 130 3% 7 7.50 0.00 52,50
18 |Pole Caps Asbastos 9 3.00 0.00 27.00
19 |Pin Spacers I kV 7 4.50 0.00, 31.50
20 {Armour Tape (kg) 1 110.00 0.00 110.00
2 Binding Wire (kg) 8 Gauge 2 50.00 0.00 100.00
22 |Spiral Nails (kg) 1 34.00 0,00 34.00
23 |Fencing Staples (kg} 3 14.00 0.00 42.00
24 {Braging Straps 14 10.00 0.00] ° 14000
25 [Creosote (litter) 210 3.75 0.00 787.50
26 (Galvanised Dolts & Nuls M20x 160 14 15.00 0.00 210.00
27 |Galvanised Bolts & Nuts M20 x 200 11 15.00 0.00 165.00
28 Galvanised Bolts & Nuts M20x 240 7 15.00 0.00 105.00
29 Galvaoised Bolts & Nuts M20 x 300 7 17.00 0.00 115.00
Sub-total | 101,838.00]  7,966.30
Total material costs 109,80:4.30
Labar costs 6,392.48
Sub-total 116,146.78
Sales lax 17,422.00
Grand fotal 133,568.80

(Source) Rural Electrification Master Plan Study of Zimbabwe, WAPCOS
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Table 6-6 Costs for Transformer 25kVA 1104 kY

(Scurce) Rurat Electsification Master Plan Study of Zimbabwe, WAPCOS
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Tem No. Description Bin No. | Quantity Uait Price Total
Forex (Z3)] Local (23} ] Fotex (Z$)] Local (Z$)
1 Transformer 25kVA 11,0.4kV T 1] 19,059.00 0.00] 19,059.00 0.00
2 Wood poles(1m) 2 530,00 G.00] 1,060.00
3 [Lighting Arcestars 1IkY A3 k! 150.00 0.00 450,00 0.00
4 D Fuse Mounts F36°C7 3 430.00 000] 1,290.00 0.00
§  {Solid Links ‘ F35/19 3 62.00 0.00 186.00
6 |X:-Arms for D Fuse, Transformer, LA G574 4 2500 0.00 100.00
7 PVC Cadle 16mm sq. 4 Core{melers) C4H41IM 12 50,00 .00 600.00
8§ |0.075 Copper Conductor (meters) C37/6A 30 15.00 0.00 450.00
9 |Cable End Box 16mm C13125 1 10.80 0.00] 10.00
10 [PG Clamps 25mm sq. C100/95 6 8.50 0.00 51.00
11 |Liné Taps 333 12 3.75 0.00 63.00
12 |0.06 Line Taps C3828B 6 6.50 0.00 39.00
13 |A.C.B.50A 410V B50 i 210.0¢ 000] 21000
14 |A.C.B. Cover B50 1 15.00 0.00 15.00
15 [Meter Fest Unit Mi6 1 27.00 0.00 27.00
16 |Angle Iron (ke) 136/9 15 365 0.00 54.75
17 |Neutral Link L3/1A t §0.00 0.00 £0.00
18 [Crimping Lags (2.5 x 6mm sq.) L3218 6 1.00 - 0,00 6.00
19 |Crimping Lags (16 x 12ma sq.) L3235 12 275 0,00 33.00
20 |Crimping Lags (16 x 16mm sq.) L32/36 & 275 0.00 22.00
21 U Bolts BY9/10 1 40.00 0.00 40.00
22 Cable Gland No.2 Ci0942 1 25.00 0.00 2500
23 [Cable Shroud No2 C10942A 1 gool 600 800
24  |Earth Rods 8' x 5:8" E%5 4 25.00 000] 100,00
25 |Eanth Clamps LY/6 4 12,00 000 '48.00
26  {Crasby Clamps 3/8" C63it 2 16.00 0.00 32.00
27  ZESA Grey Paint (titter) Pisi5 5 27.00 0.00 135.00
28  [Small ZESA Padlock PIO 1 19.00 0.00 19.00
29 |Danger Notices Pis/2 2 23.00 0.00 46.00
30  [Fencing Staples (k) S45/2 1 11,00 0.00 1.00
31 Rolls Adhesive Tap Black 5681 3 4.50 0.00 13.50
32 iFlal Washers 3/8" wlii2 12 1.00 0.00 12.00
33 [Flal Washers 0.5" - W13 4 1.50 0.00 6.00
4 Flat Washers 3/4" W15 10 1.00 0.00 10.00
35 )Wood Pole Washers WI4 12 2.50 0.00 30.00)
36 |SW.B. Wire Green W3/1s 2 1.20 0.00 2.40
37 [Nuts & Bolis (25 x 10mm) BG/19M 12 2.00 000] 2400
38 )Barbed Wire W45 1 11.00 0.00 11.00
39 [Nuts & Bolts (25 x 12mm) B6/ISM 12 2.10 0.00] ~ 25.20
40 |Nuts & Bolts (90 x 12mm) B6/14M 3 200 0.00 6.00
41 {Nuts & Bolis (200 x 10mm) B69SM 12 15.00 0.00 150.00
Sub-total | 20,799.00] 3,795.85
Tota] material costs 24,595.85
Labar cosis 2,697.09
Sub-total 27,292.94
Salcs tax 4,003.54
Grand total 31,386.88




Table 6-7 Costs for LT Line with Wood Poles (Conductor Size 50mmsq.)

(Source) Rural Flectrification Master Plan Study of Zimbabwe, WAPCOS
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Ttemy No. Description Quantity Unit Price Total
Fotex (£8) | Local (23) | Forex (43} | Local {73}
1 |HDA Conductors 50mm sq. {mcters) 4,120 22.00 0.00] 90,640.00 0.00
2 |PVC Cable 70mmsq. 4 Core (metess) 120 00.00 10,800.00
3 |Wood Poles (Ometers) 26 346.00 0.00] 8995.00
4 lAsbestos Pole Caps 26 3.00 0.00 78.00
$  [Galvanised Wire (meter) 240 200 0.00 480.00
6 |LV Insulators 148 88.00 0.00 0.00 0.00
7 |Stay Insulators 20 30.00 O.GOJ 600.00
8  |Stay Wire {mcters) 300 3.00 0.00 900.00f
9 |Stay Rods 20 15.00 0.00 380.00
10 1Stay Washers 20 2.00 0.00 40.00
11 |Stay Bows 20 20.00 0.00 400.00
12 1Stay Plates 0 12.00 0.00 380.00
13 |PG Clamps 50mm sg. 40 4.50 0.00 180.00
14 |Linc Taps 25 mm sq. 26 6.50 0.00 169.00
15 |Cablc Glands #4 8 59.00 0.00 472.00
16 |Cable Glands Shrouds 8 8.00 0.00 64.00
17  [Cable Glands 4 8.00 0.00 32.00
18  |Binding Wite (kg) 20 50.00 0.00] . 1,000.00
15 |ACB Covers 4 15.00 0.00 60.00
20 |Fibre Washers 296 1.55 0.00 458.80
21 Saddles 1.25" 36 3.20] 0.00 115.20
22 |LV D-lrons 32 2.57 0.00 82.24
23 |Fencing Staples (kg) 10 14.00 0.00 140.00
24  |Wood pole Washers 148 2.50 0.00 376.00
25 |Creosote (Jiters) 210 375 0.00 787.50
26 | Bolts & Nuts 200mem x 200mm sq. 148 15.00 0.00f 2,220.00
Sub-total 90,640.00] 29,204.74
Total material casts 119,844.74
Labar costs 10,121.54
Sub-total 129,966.28
Sales tax 19,494.94
Grand lotal 149,461.22




6.6 Sensitivity Analysis

In section 6.5, clectricity cost per kWh of PV systcm was found to be cheaper than grid
cxtension bccausé the electricity load is very small (dcmand is basically two fluorescent lighis
per houschold) and the distailce between the existing grid and the village is 5-10 km,

This section compares the respective cost advanlages belween grid extension and PV
electrification when cerlain variables such as demand of electriciiy and distance of extended
lrans;nission .line change. To simplify the calculation, the cost of PV electrificity per KXWh
installed is assumed to remain constant. It is also assumed that the numbet of hous¢holds in
a vitlage electrified by grid extension is 50.

Figure 6-1 shows the break-even point when demand of electricity is constant at 0.06
kWh/day-household. In this case, when the lenglh of the extended transmission line is less
than t km, a grid extension is morc cconomical than a PV system. When the distance of the
extended transmission line is 10 km, however, the electricity cost through a geid cxleﬁsion is

four times higher than that of a PV system.
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Figure 6-2 shows the break-even point in the case of 5-km and 10-km grid extensions
when a houvsehold’s demand for electricity increases.  In the case of 5 km, when demand is

less than 0.16 kWh/day/household, PV electrification is more economical. 1In the case of 10
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km, when demand is less than 0.28kWh/day-houschold, PV clectrification is more

cconomical.
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In each of the two villages of Geja and Turf, 50 JICA PV systers were installed, with
each system consisting of one 7 Watt fluorescent lamp and onc outlet for a television set.
Data loggers were installed in some selected systems, and by the third field study in
Zimbabwe, the data gathered by each one were coliected and analyzed.

It was observed that in most households where a data logger was installed, the users
seemed to have a good awareness of the system capacity, knowing how to ‘maximize their use,
i.e. turning off the fluorescent lamp while they were watching TV, and turning off the TV
while the fluorescent lamp was in use. It was also determined that the average usage time of
usc is three hours (usually after sunset). Daily electric power consumption was observed to
reach about 3¢ W/h. * In this kind of sitvation, PV clectrification is clearly more economical
than grid extension (see Figure 6-2).

Interviews with rural residents revealed that all households were very satisfied with the
JICA systems, but expressed their wish to increase the current capacity.  This is rather
togical, given than households in rural areas normally have 3 to 4 rooms.  If the beneficiary
expands the PV system and uses 4 fluorescent lights, the power consumption a day becomes

0.12kW in which case PV elecirification remains more economical than grid extension.
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Gencrally speaking, electrification using PV can not be considercd “total electrification”
because of limitations on consumption. Typical PV systems, for instance, can not be
cconomically uscd to power refrigerators and electric heatess.  Nevertheless, lifestyles of
reral people are greatly improved with the use of clectric lights and television because they
allow for continued activity during nighttime and also for the expansion of knowledge through
greater ¢xposure tb the outside world seen on TV.

Whether or not PV systems are economical in comparison with a grid extension depends
mainly on the distance from the grid and the volume of clectricity demand,  For villages with
a high concentration of residents locafcd between 10 and 20 km frorﬁ the grid, detailed
evaluation of the two above-mentioned factors is necessary.  For all other cases, i.e. located
more than 20 km from the grid, however, it can be concluded that electrification wsing PV is
mor¢ economical.

The grid is extended in Zimbabwe every‘yea.r. }lm\.'ever, it is not practical to expect
people to wait for 10 or 20 years to receive electricity when alternatives are available. In spite
of the restrictions on clectricily consumption, it is necessary to move ahead with
electrification using PV systems in order to improve the peoplé's qﬁalily of life. That is to say,
elecirification using PV system could be introduced as “pre-electrification," or an

intermediate step preceding full electrification based on connection to the power grid.

6.7 Zimbabwe’s PV Industry

The PV industry in Zimbabwe is still in the devé!opment stage and ils scale it not lérge.
However, the prospects for rural electrification using PV in Zimbabwe are good. Proof of
this is the UNDP/GEF project, which was specifically aimed at its wider adeption.

On more general terms, the GEF p'roject is an underlaking on a worldwide scale that is
intended by the UNDP and thc World Bank as a measure o counteract environmental
problems. The name of the project in Zimbabwe is "Photovoltaics for Household and
Community Use." It aims to reduce the generation of carbon dioxide through the use of
photovollaics as an energy source.

The UNDP/GEF project got underway in 1993 under the management of the PMU. It is

scheduled to finish at the end of June 1998. Until now, it has been possible to procure a stable
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supply of PV producis thanks to the GEF project, their credit scheme, and because a public
organization such as the AFC was involved. llowever, if we consider what will happen after
the GET project is gone, it is clear that private companics will have to take orders from
persons wanting to purchase PV cquipment. These companies will have to procure the
component parls of these PV sysiems and install them. However, these small private
companies will usvally nced an advance payment in order to cnable them to order the
necessary products and parts in sufficient quantitics from overseas manufactorers.

There are two problems involved herc. The ficst is the possibilily that overseas suppliers
will not fill orders immediately if the quantitics ordered are small. The second is the problem
of whether the private companies have sufficient capital investment to pay for their orders in
advance. When we consider these two issues, it becomes clear that it will be very difficult in
some respects for the private companies involved in the PV business in Zimbabwe today to
procure the goods they will need.

On the other hand, we must consider the point of view of the rural residents. The most
likely {a'ay for residents to obtain the funds to purchase PV systems is by borrowing money at
a high rate of interest from cothercial banks. Even if they will be able to obtain credit, it will
still be necessary for the residents to ask the inslallation companies directly to install the
syslems. They will no longer be able to go through a public organization with the GLF acting
as a liaison. In addition, complaints and 1equests for assistance regarding the systems will aiso
have to be made directly to the private company, and no public organization will be there to
ptovidé any guarantees.

‘The installation companies that currently exist are mainly small operations with litle
capital investment, few employees, and not much experience. It is clear thal when the GEF
project is gone and it becomes difficult for rural residents to obtain credit, the number of
people inlerested in PV systems will shrink to below the current level. With sales dropping
and insufficient operating capital, many companies will go out of business and those that
remain will have a difficult time providing adequate after-sales service.

At presenl, approximately 60 companies are registered with SEIAZ.  However, it is

stitl too carly for these companies alone to be able to achieve the widespread adoption of PV
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systems throughout Zimbabwe. It would seem thal a public organization like the GEF is
necessary te achicve smooth procurement and widespread distribution of PV systems.

The GEF project is managed by the PMU and the credit scheme is being handled by the
AFC. The AFC has branch offices in many regions. This makes it easy for rural residents to
make loan paymeats. However, with regard to management, the PMU has only one office, in
Harare. Once the systems have been installed, PMU staff must travel to the rural regions in
order to perform tasks such as inspection or checking equipment. It is not a simple or
inexpensive matter to access many villages spread over a wide area. Also, as the number of
systems installed increases each year, the workload of the PMU staff, whose numbers are
limited, increases. In this sense, there have beeﬁ real preblems with the management of the
PMU, since it lacks branch offices throughout the country. In the future, if a public
organization promolcs PV systems, an organization, which has rural branch offices and covers
the technical aspect is desirable.

Marketing efforts are an important part of the functions carried out by the installers of
PV systems. The residents of regions that have not yel been electrified Iack‘linformalion from
the mass media. For this reason, it is di[fiéult for them to obtain information on PV systems,
and many people have misconceptions regarding PV systems. For example, some rural
residents think that electricity from PV systems can be used in exactly the same way as
¢lectricity from the power grid.

Before they can sell the PV systems, the PV inslallation éompah‘ics need to provide an
adequate explanation of how such systems work. PV jnstaltation companies should supp'ly
instruction manuals along with the systems. If residents use the systems improperly or if thf_;y
overuse them they break down (or if residents mistakenly think their systems have broken
down), the installation company will have to dispatch personnel to distant regions o perform
inspections and repairs when needed.

Some installation companies have already begun supplying such manuals with their
systems, and this helps to raise the level of knowledge among local residents.  As with
manuals accompanying typicat elecirical home appliances, these should contain information
on the equipment specifications, how to use the system, simple maintenance procedures, and

troubleshooting. ¥ residents use the systems properly, problems are fewer and the burden on
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the suppliets is lessened. This in turn plays a big role in spreading the perception that the
systems are reliable and contribules to their widespread adoption.

To promote further PV use in Zimbabwe, goverament should seriously examine policies
aimed at protecting the local indusiry. During the duration of the GET project, PV
equipment bought overseas (through the PMU) was cxempted from import dutics. Datics
were applied, however, when local manufacturing companies procured intermediate products.
In the end, the localiy-manufactured products turned oul to be more expensive than theie
imported counterparts and were not competitive.

There are two.possible policy approaches to protect the local industry. One is 1o
protect domestic products by imposing duties on the imported products (as these would
increase the retail prices of imported systems). However, the local indusiry grows as a resull
of this kind of policy and the prices of products do decline, the import dulies have to be
modified correspondingly.

In .lhe case of Zimbabwe's PV industry, il seems more appropriale to use another
approach, i.e., protecting local produéts'lhrough subsidies. As already mentioned, the local
PV industry" in Zimbabwe is slill.in the devetoping stage. Using subsidics as a form of
support to ils loca!l industry would not only be more transparent but also easier to
judgefevaluate as a policy measure.

There are basically two ways by which subsidies can be applicd. One is to lower the
price of domestic goods to the international level and another is 10 channel funds into research

and developmeat to upgrade the quality of local PV components to international standards.

6.8 .The Economic Effects of Using PV Systems
6.8.1 Effects to GDP

‘The Gross Domestic Product {GDP) of Zimbabwe in 1996 reached 2$85,585 million
while total population was estimated to be 11,900,000. GDP per capita was thus about
7$7,187. The country’s main industries are agriculture, manufacturing, and distribution
(commerce). Put together, the production of these three sectors represents more than half of

the total figure, with agriculture contributing 17.8%, manufacturing, 17.1%, and commerce,
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18.3%. The manufacturing scctor is concenirated in the large ¢ities of Harare and Bulawayo,
where nmore than 70% of total production is carried out,

The country’s employed population is roughly 1,250,000, or 10.5% of the total. This
figure docs not include people employed by small companics in rural arcas or self-cmployed
individuals. Twenty seven per cent of this figure is engaged in farming, while 15% work in
the manufacturing sector.  Only 8% belong to the commercial scctor. Tt is estimated that rural
residonts make up about 1/3 of Zimbabwe’s lofal employed populalion.

When considering the effects that widespread adoption of PV systems would have on the
economy of Zimbabwe, note that sales by installation companies. fall into the construction
industry category as part of GDP, and sales by PV manufacturers fall into the category of the
manufacturing indusiry.

GDP is the value of goods, minus the cost of materials and other intermediate
consumption. It is therefore an overall value added. Génera]ly speaking, about 40% of the
value of product sales by a manufacturer can be counted as value added based on past
Zimbabwe statistics. Also, in the case of installation compaaies, most of the installation cost
is accounted for by personnel and management costs. Since raw materials cosls include only
the small value of materials used for installation, such as electrical wiring and conduit,
approximately 80% of the installation cost can be assumed to be value added.

Also, with the introduction of the PV system, it is not nccessary to'supply the household
electricity through grid. Thus eleclricity costs such as generation cost, purchase cost from
foreign countries {100% of imporied electricity), foreign curten'cy of construction costs of
transmission and distribution line (%0% of total conétruclion’ costs) are saved and counted as
benefit of PV system. ‘'The effects that the introduction of PV system gives GDP in
Zimbabwe are as follows.

PV system produciion of added value (40% of total sales of PV system)

+ PV construction of added value (80% of total sales of PV system consiruction)

+ Purchase c.leclricily from foreign countries (100% of eleciricity demand)

+ Facility costs of transmission and distribution line {90% of total cost)
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In 1997, number of systems was about 3,500 (in 45W cquivalent). The cost per system
was approximately Z$10,000, and the installation cost was about 73800, Using these valucs as
the basis for calculation, the value of one year's sales of PV systems comes to 7Z3$35,000,000
and the valuc added to this is 40%, or 7.$14,000,000. On the other haad, the sales of the PV
installation companics were 7$2,800,000, for a valuc added of 752,240,000, The totat value
addcd associated with the PV industry was therefore 72516,240,000.

Purchased cl¢ctricity that is saved by PV system is as follows,

3,500 houscholds * 22.79kWh/year * 2Z80.2/kWh = Z815,953

Annualization factor at 10% of discount rate for 20 years is 8.5136. Therefore, the
present value of the generation cost that is saved becomes Z8135,817 as follows.

7515,953 * 8.5136 = Z8135,817

in the same way, because 90% of the materials of the transmission and distribution line
is regarded as imported from a foreign country, 90% of these costs are benefits. Total
transmission line cost for 3,500 households is Z510,017,660 (assuining one transmission ling
/200 - 250 houscholds: Z8667,844 * 15). Total transformer cost is Z$2,197,082 because il is
necessary lo install one transformer of Z$31,386.88 for 50 households (Z$31,386.88 * 70).
Total cost of distribution line is Z$11,510,717 (cost of distribution network for S0 housecholds
is 7$164,438: 2Z5164,438 * 70). When totaling these, 2521,352,913 is invested as the capital
cosls from the following formula.

(Z510,017,660 + 252,197,082 + Z$11,510,717) * 0.9 = Z521,352,913

When totaling the above figures, the total benefits become Z3537.7 million as follows.

PV syslém production of added value (40% of the sales) 7514,000,000
PV construction of added vatue (80% of the construction sales) 752,240,600

* The electricity purchase 75135,817
‘The facility costs of transmission and distribution 72821,352,913
The total 2537,728,730

Table 6-8 shows the trend in Zimbabwe's gross domestic product. According to this
table, GDP for 1996 was Z585,585 million. Of this, Z$14,668 million was accounted for by

the manufacturing industry and Z$1,943 million was accounted for by the construction
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industry. In comparison with these figures, the PV industry share accounted for 0.04% of GDP,
0.26% of the total for the manvfacturing industry, and 1.9% of the total for the construction
industry. These figures show that the PV industry does not presently have a large effect on the
economy of Zimbabwe, These figures are the cffects of concentrating all benefits of 3,500
PV systems of 45W cquivalent in 1997. Therefore, if a similar scale of PV system

installation repeats the following year, the same benefit will be expected.

6.8.2 Cost-Benefit Analysis of PV system

It was found that the benefit of the production and operation of 3,500 PV systems in
1997 gave a positive effect to GDP.  Also, these activities decrease the electricity import
expense and the power transmission expense. Moreover, when coﬁsidering purchasing
electricity from foreign countries aﬁd importing materials for transmission lines, these saved
expenses are regarded as a decrease in imports.  When considering the materials for PV
systems that werc imported in 1997 as costs and the saved eleclriciiy import ¢xpense and the
saved ransmission costs as benefits, the following cost and benefit analysis results.
Investment cost in 1997

Imported PV materials Z$21,000,000

Imported materials for installation 23560,000

Saved transmission costs -2%$21,352,913

Totat 25207,087
Expense of annual electricity after 1998 ' Z815,953
Expense of electricify for 20 years (present value: 10% of discount rate) Z%135,817
Cost-benefit ratio ' 0.66
Internal rate of return 4.5%
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Year Lost | Benefit Net benefil
0 | 1997 § 21,560,000 21,352,913 -207,087
1 | 1998 ] 15953 15,953 |
2 | 1999 15,953 15,953 |
3 | 2000 - 15,953 15,953
4 | 2001 | ) 15,953 15,953
s | 2002 | ] 15,953 15,953 |
6 | 2003 N 15,953 15,953 |
7 | 2004 15,953 15,953
8 | 2005 B 15,953 15,953
9 | 2006 15,953 15,953
10 | 2007 B 15,953 15,953
11 | 2008 L 15,953 15,953
12 | 2009 15,953 15,953
13 | 2010 15,953 15,953
14 | 2011 15,953 15,953
15 | 2012 ] 15,953 15,953
16 | 2013 15,953 15,953
17 | 2014 ] 15,953 15,953
18 | 2015 15,953 15,953
19 | 2016 15,953 15,953
20 | 2017 | 15,953 15,953
Bencfit/cost 1.0 IRR  4.5%

A cost benefit analysis was éarricd out using ihc PV system costs and the benefits of the
reduction of transmission line and imposted eleclricily as above. As the result of the analysis,
costs and benefits were almost same under our assumptions of 3,500 45Wp PV systems,
22.79kWh/year-household electricity demand, Z$0.21kWh electricity cosl; establishment of
one uansmission line per 200-250 households, installation of one transformer per 50
households, and one kilometer of distribution line per SO households. However, if the

assumption of transmission line length changes, the analysis results change significantly.

6.8.3 Other Benefits

Relative to GDP, the local PV industry in Zimbabwe represents a very small, scemingly
insignificant percentage. However, looking at it in terms of the regional economy, the
economic effect of PV can be quite substantial.

For unelectrified areas in Zimbabwe where agriculture is the main industry, employment
opportunities are rather limited. With more widespread PV use, the surplus labor force

{which becomes rather bloated during the off (non-farming) season) can find employment, if
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only on a temporary basis, in, say, system installation. For sclf-employed individuals,
meanwhile PV can contribute significantly by making it possible for them to extend their
working hours into the ¢vening, increasing their productivity.  Even for r’cs:taurants, bars, and
similar public establishments, the use of PV systems to provide lights and cntertainment can
increase sales significantly.

The JICA experience offers concrete proof of the employment opportunilies that PV can
bring about. During installation of HCA’s systems local pcréons were ¢mployed by the
installing companics. Maintenance is also being carried out by BUN, a local NGO. For
many people in Zimbabwe the project opened up many opportunilies fof involvement, e.g.
provision of maintenance service, sctting up small manufacturing businesses for PV

mounlings, poles, ¢tc.

With the sprezid 61’ PV-powercd televisions in rural areas in Zimbabwe, .a greater number
pecople are also better informed.  Simple information on market trends and expccted weather
conditions during the {arming seasoﬁ, for instance, can allow farmers to make more informed
decisions that will lcad to greater productivily, and in turﬁ, higher income, .

Considering how PV can improve people’s liféstylcs, increase their productivity, and
boost the regional economy, it becomes quile apparent thal expanded use of PV can have very

significant economic effects.
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7

FINANCIAL EVALUATION

7.1 Objectives & Scope

The main objective of the financial evaluation is to propose a sustainable and
realizable financial scheme that addresses the needs of end-users, the tocal PV indusiry (i.c.
manufacturers, distributors, and installers), financial institutions, and community-based
organizations in Zimbabwe. Given that these sectors represent varying, somelimes

conflicting interests, a scheme that strikes a reasonable balance among these projecl

beneficiaries is the targeted ountpul.

This was achieved by reviewing the ongoing UNDP/GEF technical assistance project,
taking note of accomplishments and shortcomings for the purpose of building on the former.

And a more subslantive plan will hopefully be for next phase of the current project.

A review of the experiences of other countrics also constituted an integral part of the
financial evaluation. Various dissemination modes and financial schemes successfully
utilized by other déveloping economies in prometing the use of PV for rural electrification
will be the focus of this review. The result then served as the basis for determining what

other finance-related innovations can be applied to Zimbabwe.

7.2  Summary of the UNI}PIGEF‘TecImical Assistance Project

Since the UNDP/GEF project inception, it has been the AFC, through its wide network
of branches all over Zimbabwe, which has been exclusively“managing. the project loan
scheme, set up to make credit avaitable to rural households and communities at low interest
rates for the acquisition of PV systems. A facility called the “Credit Support Facility” or
CSF gives the low interest loan. This loan scheme operates on the revalving fund concept,
with inputs coming from the initial seed money by UNDP (US$250,000), down payment

deposits, installment payments, component purchases, and interest from investments, and
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outputs going to low-interest end-user loans, payment defaults, and installer fces. All
payments are thus made to and disbursed by the AFC.  Figure 7-1 gives a clearcr piclure of

the loan scheme,

Beneficiaries of this credit scheme have inclilded individval farmers and houscholds,
groups of farmers (with members numbering from 10 to 25 people), registered cooperatives,
rural teaders and business persons, public institutions such as schools, clinics, and churches,
farm compounds in large-scale commercial farms, urban employed persons with

families/rclatives living in rural arcas and safari. But commercial large scale farmers are

not covered by the CSF,

7.3 The System of CSF
The AFC provides toans under condition of repayable over a maximum period of 3
years with an initial payment of 15% of system cost. The annual interest rate is set at 15%,

well below the prevailing market rate of around 35-40%. It is broken down as follows:

Insurance life cover (covering clients 18 to 65 years) 1.5
Contribution to Credit Supporl Fund 3.5
Stabilization fund {to cover bad debts) 30
AFC's administrative expenscs 7.0
Total ' 15.0%

The credit amount as of November 1997 is as Table 7-1.  In 1997 the credit amount

increased rapidly.

Table 7-1 'If;e c;edil amount as of Nov 1997

Term Acceptance  Permit . . ‘Made credit
Numbes | Amount(Z$) | Number | Amount(Z$) Number Amount{Z$)
Apr93—Mar94 540 4, 417897 4104 2,190, 493 404 594, 733
Apr94—M¥args 1094 10,061,715 933 1. 489, 163 917 6, 254, 355
Apr95-—Mar96 1,065 LI, 326, 142 767 6, 906, 425 842 4, 175, 580
Apr96-—Jan9g1 1,765 19,893, 315 1,407 | 12, 895, 068 1, 268 5,061,130
Totlal 4,464 } 45,699,069 | 3,51t 30,081, 749 3. 461 16, 085, 798
{End of Nov9T) 4, 2061 38, 798, 527 31, 323, 010

Sources: AFC, The data at end of Nov97 is quoted from PMU 1997 annual report
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Loan application procedure is as follows;

Approval of loans by the AFC depends on the applicants’ submission of the following
documents: completed foan application forms, the latest pay slip, and proof that 20% of their
net salary is available to mect the installment. To calculate the monthly installment, the

AFC uscs a factor of 0.034665.

For example:

Total installation cost = 10,000 = 10,000
Down payment = 10,000 x 15% = 1,560
L.oan amount = 10,000 - 1,500 = 8,500
Monthly instaliment amount = = 285

8,500 x 0.034665

To meet the third loan requirement concerning net salary in this example, therefore, the

applicant’s net salary should be at least Z§1,475 (28295x53).

The average turnaround time for loan approval by the AFC is 2 weeks, cxcept in cases
where there may be some problems such as failure to meet the technical requfremenls sct by
the PMU. To shorten the lead time for processing of loan applications, the AFC recently
authorized local PV supplicrs/installers to issue loan application forms to end-users

themselves.

The basic procedure for the acquisition of PV systems is summarized as follows:

1) Clients interested in PV system obtain technicat specifications and price quotations from
PV system companies. Cl‘icnts may also approach AFC in »_vh'ich case they will be
referred to companics for quola'libns.

2) Solar companies present the specifications and quotations to PMU for technical review
and approval. Once approved, the client either pays in cash or submits an application
for assistance from AFC.

3} Loan application, approved specifications, quotation and pay slip copies are submitted to
the AFC office by the client.

4) The application is evaluvated and considered for loan granting.

S) Once loan is granted, loan agreement is prepared.
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6) Upon signing of loan agrcement, the client pays AFC a deposit of 13% of the quoted
pricc for the PV system. A gwarantec is then issued by AFC to the relevant solar
company.

7) Once the PV system is installed, the PMU inspects the installation and issues a
“Completion of Work Certificate” after which AFC pays the concerned company.

8) AFC branch staff visits the end-user to check systems and loan repayments,  Farmers
are expected to repay after they sell their produce, while employed or sataried clients are
expected to pay monthly through bank/salary stop orders,

9) Solar companics are required by guarantce to visit installed systems at least thrice during

the first two years of operation.

Figure 7-2 is a diagrammatic representation of how funds and equipment arc mobilized

and transferred under the current set-up.

7.4  “Alternative” Modes under the UNDP/GEF Project

An integral part of the financial evaluation is an analysis of the progress of alternative
modes under the UNDP/GEF project. This assists an assessment of the viabilily. of ather more
“innovalive” schemes which complement the commercial dissemination of PV systems.
Following is an'.oul}ine of the basic features and terms of cach allernative mode, and a

description of their early progress in terms of installation and fee collection.
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74.1 Public Utility Organization (ZESA)
Under the agreement signed by the Government of Zimbabwe (GOZ), UNDP, and

ZESA, ZESA will keep ownership of PV systems, regular maintenance and makes training to

the PV system users.

Under the ZISA utility delivery system, a total of 500 systems (45Wp cquivalent) will
be installed throughout ZESA’s 5 arcas of operation (llarare, Northern, Southern, Western,
and Yastern) in Zimbabwe. As of the second ficld study in Zimbabwe in June 1997,
questionnaires were being administered by a ZESA rescarch engineer to identify potential
customers. According 1o the resuit of the questionnaires, the beneficiaries of the ZESA
solar project will be “consumers in communal, resettlement, and small-scale commercial
areas {in Zimbabwc)"‘ including groups of farmers and/or cstablished cooperatives, domestic
and commercial customers in rural areas, individual farmers, rural institutions, and any other

eligible persons and/or ventures identified.

The scheme shall have a minimum repayment period of at least 5 years and a maximum
repayment period of 10 years. The tariff will be determined by ZESA and subject to annual
review. The interest has been set at 16% to cover the following ilems: ZESA
administration, Stabilization Fund, contribution to the Initial Investment Fund, Inspection &

Research Fund and the Insurance Protection Scheme.

ZESA slarted their activities from June 1997 and they reached their aim by ead of
1997. lloﬁfcver, ZESA did not catch up user’s request as for being many subscriber.
On the collection of the tariff, it was no problem. Because the tariff collection system of
ZESA was made as same as the tariff collcciion sfétem of grid supplied users. The most of

the PV system users were teachers, nurses and professionals.

742 NGO

Three NGOs, namely BUN, Southern Centre, and the Organization for Rural Progress
(ORAP), sigaed agreements with PMU in late 1996 and carly 1997 to install a total of 1,600
PV systems vnder the UNDP/GEF project.
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Harare-bascd BUN had alrcady installed 30 systems in households in the Chipinge area
(southcastern part of Zimbabwe) where it had previously done some biomass-related work.
BUN plans to do the rest of its installations in the Eastern half of Zimbabwe, preferably in
areas closer to Harare.  The target is 200 installations (where 1 system = 45Wp) by the end
of 1997, Forits part, ORAP, which is based in the citly of Bulawayo, had installed a total of
60 houschald systems at the time of the second field study and is expected to focus on the

western part of Zimbabwe in its selection of households,

Unlike BUN and ORAP which are doing most of their work in individual households,
Southern Center {which is more of a policy.“ihink tank™ rather than a grassroots
organization) is focusing on public institutions, particularly schools, for its PV instaliations
under the UNDP/GEY project. Southern Center was still in the process of conducling
market research/other preparatory work and had nol yet started actual installation work (to
commence before the end of 1997). Compared to BUN and ORAP, the capacity of its
installations (to be done most likely in areas surrounding Harare in Mashonaland East

Province) will be much bigger at 275Wp.

The NGO mode will have a maximum repayment period of 3 years, with inlerésl set at
15% per annum, to cover the following items: 10% administration fee, 3% Stabilization
Fund/Insurance Protection Scheme (to be retained as part of the main BUN fund), and 2%
contribution to the Initial investment fund (also to be retained as part of the main fund). For
net earnings not to be used lo repay the project, the NGOs can use it in order to create a

sustainable solar revolving fund.

For the first year after installélion, the NGOs shall underizke afl.er-service maintenance
of the PV systems (with transportation costs charged to the .éustomers). PMU shall provide
basic training to BUN, which it will then transfer to customers.

On a positive note for NGO, PV dissemination undertaken so far under the NGO .mode
has shown great promise in the sense that NGOs are more familiar with the rural areas than
are PV companies based in the cilies and are thus able to reach more potential customers.

To cite an example, BUN’s installations in the Chipinge area have been proceeding smoothly
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mainly on account of its previous expericnce working with the fruit and vegetable growers

living in the area,

7.4.3 CBO (Community Based Organization)
Due mainly to lack of time, PMU stated that it has decided not to start the CBO-based

delivery mode in the final fiscal year of the project. Tt will be pursued, however, should the

project go into a sccond phase.,

‘The usc of éllernative modes by the UNDP/GEF project was primarily meant to address
the needs of the rural poor. The project has not succeeded in this respect, however, as the
likely beneficiaries of these alternative modes belong to the same income bracket as those
who have been benefiting from the commercial mode.  This is, to some exlent, explained by
the fact that the terms of the commercial and alternative modes do not differ that much.
Compéring the commercial and NGO-based modes, in fact, the interest rate and repayment
periods are almost identical. The only significant difference is in th¢ required down

payment, which is 15% for commergial, and 25% for NGOs.

The basic dif!‘ércncc between these two modes lies in the fact that NGOs have a
stronger grasscools oricntation, cnabling them to reach those areas not ordinarily served by
PV companies (most of whiéh are based in the main cities/towns). NGOs also have greater
flexibility insofar as giving concessions énd incentives are concerned. BUN, for instance,
trcats a 6-month advance as a cash payment (i.c. no interest charged) to encourage customers
to pay installments in lump sums. Similarly, for delays in payment caused by droughts or
other factors beyond the customers’ control, BUN displays greater feniency by 'allowing the
cuslomers more time to come up with the installment withount the threat of system
confiscation. _

Comparcd to the commercial and NGO modes, ZESA has somewhat different terms — a
longer repayment period, slightly higher interest, and its agreement with the customer is such
that it retains ownership of the PV systems. One advantage of the utility delivery/financing
mode over the others is its wider, more efficient network which spans across the entire
country. It also has a sironger lechnical suppori base.

Table 7-2 outlines the basic features of all current delivery modes.
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7.5 Rationalizing the Use of Subsidics

One crucial policy tool successfully utilized by the UNDP/GEF project was the use of
end-user subsidies to ensure success{ul project take-off. However, with the project in its
final year and the institutional framework and basic implementing mechanisms already in
place, it now recognizes the need for the current project to graduate into a mose substantive
phasc - onc that is largely market-driven — in order to ensurc a more susiainable

dissemination of PV across the country.

Table 7-3 compares the monthly payments for PV systems under the current AFC
Credit Support Facility with monthly paymenis applying higher interest rates but longer
repayment schedules. By increasing the repayment period from the curgent 3 to, say, 5
years, and increasing the interest rate from the subsidized 15% to the prevailing markel rate
of 35%, the required monthly payment increases from Z$347 to Z$355, translating into a
minimal Z$8 (mUSSD.SO) addilion to customers’ current cash flow requitements.  Increasing
the interest rate to 30% and the repayment period to 4 years, meanwhile, will raise the
monthly payments to 73360, requiring only an additional Z$13 (=US$1.30), while applying a
40% interest rate and a S-year repayment period raises the monthly payment to a still

manageable Z$388.

The bottom line is that by phasing out the subsidized inlerest rate and increasing
the repayment period, only a minimal additional amount will be required each morth of end-
users, which addresses the primary concern of nat burdening customers with increased cash

flows.

It should be peinted out, however, that a more rational utilization of subsidies, rather
than the complete removal of this policy tool, is viewed as the key to ensuiing sustainability.
As already pointed out, addressing the needs of rural poor is a shorlcomi.ng of the current
UNIjP/GE!? projcct as the project has so far only benefited middle and lower middle income
groups. For such needs to be addressed, some assistance in the form of more flexibility in
loan repayment schemes — mechanisms which commercial banks arc unable to cope with
either financially and/or administratively — will be necessary. Continued subsidics targeled

towards this particular group are thus easily justified.
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in the final analysis, the main consideration in pursuing this initiative should be the
fact that low income consumers have other more basic needs such as food which are naturally
accorded more priority than eleciricity. This considered, group lending through a local
NGO or CBO is ong option that could be considered since it can realistically reach the rural

poor and be financially sustainable at the same time.

7.6 Improving the Local PV Indusiry’s Access to Credit

There are now between 50 and 60 PV companies in Zimbabwe involved in the
manufacture, assembly, distribution, and installation of PV systems and componcnts.  Size-
wise, this figure puts Zimbabwe's PV industry weil above those of other developing
countries, particularly in the African region. The industry is not without its problems,
however.  One particular obstacle to its further growth and development is limited access to

credit, which could very well affect the overall sustainability of PV use in the country.

Compared to other countries in the African region, Zimbabwe has a relatively
developed financial sector consisting of 5 commercial banks, 5 finance houses, 3 building
societies, 2 development finance institutions (including SEDCO and the Zimbabwe
Development Bank (ZDB)), and 9 merchant banks. There is also a Credit Guarantee
Company (CGC) and a Post Office Savings Bank. The Reserve Bank of Zimbabwe (RBZ),
which is the monetary and regulatory authority of Zimbabwe, owns part of the CGC, along

wilh the five commercial banks.

Generally speaking, ény PV company can avail of credil from these lending
institutions. - For small companies" whose resources are rather limited, however, meeting the
terms/requirement inherent in formal sector finance can be sather difficuit. Having
inadequate physical collateral and a limiled (sometimes even non-existent) credit history,
they are often viewed by banks as high-risk entities. Transactions costs in these cases can

also be quile high relative o the size of toans. On top of these, banks are often unfamiliar

with PV technology.

Notably, the AFC offers short-term loans to PV companies at a lower-than-market rate

of 30%, which remains constant throughout the life of the loan. The loans should be repaid
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within a period of 1-2 months, however, as AFC assumes they are used primarily as working
capital.  {This repayment period can be longer, though, if the tean is disbursed in branches),
¥or security, the AFC allows companies to use movable asscts in addition to/in place or fixed
assels (which commercial banks normally require).  Companies are also allowed to apply for

loans as many times as they wish.

In the case of other commercial banks, market rates (ta‘nging from 35-40%) are usvally
applicd 1o PV loans, with the repayment period ranging {rom 2-4 years. Loan applicants are
usually required to submit projected cashflows for the period of the toan as well as collateral
cquivalent to the loan amouvnt. To many PV companies, such lerms are rather difficult to

meet, as reflected in the results of a survey administered by the JICA Study Team to SEIAZ

member companics.

All respondents cchoed similar sentiments, citing high interest rate, shorl repayment
period, and siringent collateral requirements as the biggest constraints to credit availability.
Another shared view of the respondents was the need for a credit facility with more flexible

terms, i.e., longer repayment periods, lower interest rates, and more reasonable/no collateral

requirements.

Table 7-4 shows the required cash flows for loans extended by AFC, SEDCO, and
ZDB.  TYor loans availed from SEDCO, which uscs the mnarket interest rate and a 2 to S-year
repayment period, the monthly installment amounts o Z$4,753 (assuming interest = 39%,
repayment period = 3 years).  Meanwhile, for toans from ZDRB, which applies an interest
1ate of 26-29%, the monthly installiment amounts to Z$2,994 (assuming interest = 26% and
repayment period = 5 years). (AFC’s case is rather different from other banks because, as
mentioned carlier, it provides very Shorl-lerm loans to companics. Monthly cash flows for

AFC loans thus cannot be compared to those for l.oans from other banks.)
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The tower part of the same table shows various scenarios using more “flexible” terms,
i.e. interest rates of 15, 23, and 30%, and repayment periods {rom 3-8 years. ‘The monthly
instaliment, quite naturally, drops substantially if a lower interest rate and/or a longer
repayment period is applied, c.g. 282,572 per month assuming a 23% interest rate and a 6-
year repayment period, but such terms are not finaacially. viable from the point of view of
commercial banks {which naturally have their own interests to protect) without some kind of

direct donor or government {inancing/guaranice program.

The surve)} revealed that several compa'nies have in the past apprbached the
government-owned CGC, which guarantces 50% of a PV company’s total loan amount.
Prior to granting such a guarantee, however, the CGC requires an actual loan approval from
the involved commercial bank. This basically brings most companies back to square one

since the granting of security will hinge on their ability to satisfy the stringent requirements

of formal lending institutions.

Among the approaches that may be given some thought to address the credit-related
issues confronting the local PV companies include:

1) The first is a donor/government-sponsored credit guarantee fund 1o increase fonﬁal sector
financing to PV companies in particular (to complement work é!ready being done by the
Credit Guarantee Company),

2) The second is assel-based lending where a PV compa-ny oﬁlains a loan by mortgaging its
assets  (Since many solar home system e:xrerprise§ have limited assets, other forms of
security such as postdated checks, personal guarantees, bank guarantees can be required in
place of fixed assets. A bank may also accept PV systems as partial collateral};

3) The third is supplicr credits wherein PV module supplicrﬁ offer: credit to their dealers,
usually requiring only a credit application form and some references instead of physical
collateral (The length of credit terms for this type of financing is usually short, at 6 months,
but such credit can improve cash flows).

4) The fourth is an institutional development program for financial intermediaries to
strengthen their capacity to assess PV projects (as many lending institutions have insufficient
kaowledge of PV technology, which in turn influences their decisions regarding the granting

of loans to both e¢nd-users and PV companies). (There is an ongoing World Bank project of
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this nature, but it is specifically targeted at increasing credit access for small and medium-

scale exporters in Zimbabwe).

1.7  Experiences of Other Developing Countries with PVRE

Worldwide, various national governments and/or multilateral organizations have
implemented PVRE projects in many developing countrics, producing rather mixed resulls —
some scoring major successes and others failing completely. Table 7-5 summarizes the
experiences of some of these countries (including Zimbabwe} in financing PVRE. The
rationale behind this cxercise is to identify the clements/factors which helped ensure

sustainable PVRE financing in other countries for possible application in Zimbabwe.

Based on the table, it is apparent that successful, i.e. sustainable, PVRE financing
has been achieved where programs are not heavily dependent on donor/government subsidies,
particularly for their operating expeases. Ideally, donor or government support for rural
electrification efforts should only come in during the start-upfinitial stages of a rural
electrification program, e.g. establishment of a revolving f{und, technician training,

information dissemination, standards-setting, &tc,

The experience of Indonesia is a good cxample of how dependence on
goverament support/subsidies can adversely affect the financial sustainability of a project.
Under the heavily-subsidized BANPRES project, users pay an initial fee of around US$25
and a minimal monthly fee of USS$S3 for a period of 10 years which translate into the
repayment of a US$400 loan at zero interest.  Although results of the project have so far
been satisfactory, some indications of possible future problems are becoming very apparent,
particularly concerning fee payments. In addition to this, cost recovery at present tariff
levels is a low 509%, transtating into a heavy drain on government resources, in effect putting

the program’s fulure into question.
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DOMINICAN

 MEXICO .

Table 7-5 Summary Data on Expericnces of Scleeted Developing Countrics with PYRE

Financing

- . REPUBLIC . SRELANKA INDONESIA - - PHILIPPINES TUVALU, . KIRIBATL - KENYA . ZIMBABWE = -
Type(s) of ESCO, 1.casing, Consumer I casing, Consumer, & | Leasing, Consumer, & ESCO ESCO ESCO Cash Leasing, Consumer, &
| Financing® | Consumer, & Cash | Cash Cash o N Cash
Credit Limited credit Credit for agro- Very limited access to Credit supplicd by Project established Project established Project established Initially donos- Project established
Supply provided by industrial and related long-term credit. government-supported revolving fund to revolving fund to battery replacement sponseted, but now revolving fund to
NGO revolving funds; | purposes supplicdin | Bank credit offered at i¢volving fund; finance systems. finance systems. fund whereinusers | entirely tun by private finance systems.
NGO loans offer the form of “soft market rates, NGO's Consumers pay a Financing provided to pay a monihly fee, sector.  To date, Short-term {(2-3 year)
below-market interest loans™ by rely on revolving downpayment and Rural Electrification held in escrow, tobe | some 25,000 systems credit provided by
rates, will result in development banks. funds on-fent at monthly installments | Cooperatives (RECs) used when the old have been installed - | project {commercially
cventual depletion of | For use of households | concessional rates, for ten years at zero through the batleries have to be all on a cash basis ta | and through NGOs) at
funds, 80% of sales and for public Government programs interest.  Users government agency replaced. mostly better-off belaw-market inteeest
by cash. Most lighting, federal require modest expected o purchase responsible for houscholds. rales, which will
cominercial banks do | government shoulders monthly payment replacement batteries national rcsultin eventual
not offer eredil for 50%, statc equivalent Lo the cost when these are clectrification. depletion of fund.
solar home systems, government 309, & of kerosene. required. Feeis Several local NGOs
which they view as communily/ 80% of salcs by cash. | comparable to amount and national electric
consumer durable consumers, 20% of paid by utility utility managing their
goods. total costs (including customers. own revolving funds.
in-kind contributions).
Financial Good rate of fee Dependent on High payment default | Full cost cecovery not | High default rate in Good rate of fee

sustainability

collection. PV
disscmination being
carricd out as a
commercial, for-profit
venture.  Revolving
credit funds generally

government granks.
Federal and state
governments shoulder
80% of costs.

rate for government
programs until strict
disconncct policy
enforced.  Privale
sector and NGO
programs had good

an objeclive -
currently at 50%.
Monthly payments
comparable to basic
utility services,
Average fee collection

initial stages due to
technical problems
encountered.

collection, which is
basically used to
cover operating
expenscs, but not
capital investment
costs.

High default rate until
strict disconnect
policy enforced.

Cost recovery steadily

improving over the
years, from negative
balance in the first

Initially government-
sponsored, Now, PY
dissemination being
carricd out as a
commercial, for-profit
venture.  Sales have
slowed in recent

Good ratc of fce
collection. Cast
recavery improving.
Revolving fund credit
gencrally effcctive.

2

o

P

-

effective, but limited cosl recavery. rate only 60%, though years of operation, to | ycars, however, due to
due to dependence on Government program | village cooperative or a healthy surplus in lack of credit for
donations for initial subsidized duc to zero §  KUD rates ranged recent years. potential customers.
funds. intercst financing. from 5 t0 95%.
Tax/duty No duty on modules, {ddata not available) High import tariffs. No import tariff Modules and (data not available) {data not available) | No duty on modules.
structures 100% duty on decp barriers. - Fees components exempt 15% sales tax on
cycle batleries; import exclude interest from import taxes and pancls ard
testrictions on solar charges. (ther VAT. COMponents.
PV components organizational
affected cost to overhead costs
CUslOMCTs. absorbed by
~ participating
governmenl ageacies.
Others/ Commercial approach Commugitics Subsidized cost of Limited business One of the longest- Demand increasing Government Demand under
Remarks successful in delivery | responsible for setting | systems {equivalent to management running PV programs | steadily; fee structure maintains a “hands- commercial mode
PV systems to up fec collection cost of kerosene) capability of KUDs woridwide, but 1o be revised off” atiitude towards

households, but
overall scale restricted
by limited credit both
to the industry and
end-users.

mechanisms.  Ninety
per cent of houscholds
served by grid supply;
PV being supplied on
a subsidy basis to
areas where grid
extension is
uneconomic and
whose residents
cannot afford to pay
for systems.

lessened the value that
houscholds place on
PV systems, making it
difficult for
companies to sell
them at normal prices.

aggravale cost
recovery problems.

program still widely
regarded as a means
of pre-electrification
rather as an altemative
to grid-based
clectrification.

accordingly. Solar
cooperative
cstablished as
coordinating body for
instailation,
maintenance, repair,
and mediation in
disputes regarding fee
collection.

PV-rclated activities
of the private sector.
Selling price of PV
systems high
compared to other
countries. Inthe
absence of technical
standards or other
forms of government
supportl, roughly 25%
of systems are no
tonger functioning.

increasing steadily.
Although still in their
early stages, NGO and
utility modes
attracting good end-
user [esponse.

*

*

&

Electric Secvice Company (ESCO} = Electric wtilities, cooperatives, NGOs, and piivale companics buy PY systems in bulk, instail solar home systems (SHS), retain owneship, and bill for semvices.

Leasing/Hire-purchase agreements = An intermediary (privale company, cooperative, or NGO} retains ownership of the SHS untid paid for by the customer aver a period of time.

Consumer Finaacing = Customers obtain financing from commercial banks, cooperatives, o veadors to purchase PV systems.
Cash = PV systems are sold directly to customers, who pay the full amount in cash; represents the simplest financial vehicle and shares the advantages/disadvantages of commercial financing.

Selected Sources?  vFoley, G (1995) “Photovoliaic Applications in Rurel Areus of the Developing World " Borld Bank Technical Paper No, 304 (Wiashington DC).wCabraal, A et al (1996) “Best Praciices for Photovoliaic Household Elecirification Programs (Lessons from Expericaces in Sefecred Couniries)”
World Bank Technical Paper No. XXX (Waskington DC).

Intesmediary often wtilizes seed money from government to establish a revolving fund to buy the ficst PY systems,
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One important issue relating to subsidies is the fact that in many countries,
such measures are not actually reaching their targeted beneficiaries - the rural
poor. TInstead, better-off families have been benefiting from  below-market
interest rates, subsidized monthly payments, and long repayment periods
typically applied to PV.  In the casc of Zimbabwe, for instance, the majority of
the rural poor cannot afford to make the initial down payment as well as the
monthly/seasonal payments for the purchase of PV systems. In their place,
middle class families who are actually able (and presumably willing) to pay more
in exchange for the many convenicnces offered by electric power, have been
acquiring the PV systems available under the ongoing UNDP/GEF project for
credit at subsidized interest rates. In a situation wherc the majority of the
project beneficiarics belong to the rural poor, subsidizing interest rates and
offering other concessions would seem completely justified. Otherwise, allowing

normal! market conditions to prevail would seem more reasonable.

As shown by the experiences of Kenya and the Dominican Republic, another imporiant
element of financially sustainable PVRE programs is good_cost recovery. It PV
dissemination is carried out mainly as a commercial, for-profit venture, the development of

the local PV market is facilitated, and the long-term viability of the program, better ensured.

In the casc of Kenya, the large-scale deployment of PV began under a number of
government and donor projects, allowing the technology to become knawn nationwide and
providing the basis for the development of local capacitics in component assembly and
system installation, repair, and maintenance. Soon after, the private sector began 10 bhecome
very aétiveiy involved in the supply and instaliation of solar hdmc systems (S11S’s) and since
then has been the main hand in diffusing PV systems across Kenya. Sales in densely

populated rural areas have grown rapidly, particularly among the wealihy rural middle class.
Conversely, in the case of the Indonesian BANPRES project, cost recovery was never

identified as project objective from the outsel, so dissemination has relied mainly on

government subsidies, as discussed earlier.
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A word of caution regarding the preceding discussion, though — it should not be taken
to mean that no government invelvement in PV dissemination is the ideal situation.  On the
contrary, some government involvement should be maintained, particularly in the areas of
standards selling or other similar forms of regulation. Although the experience of Kenya
shows that active private scctor participation has provided for very widespread dissemination
of PV across the country, the absence of technical standards or other forms of government
“support” simultancously resulted in the entry of many substandard systems inlo the market.

As a result, an estimated 25% of all systems are no longer functioning at the present.

Linked to ihe issue of cost recovery is the rate of fece collection from end-users.
Basically, a good rate of fee collection is crucial to sustainability. To illustrate, in both Sri
lanka and Kiribati, fee collection was a major issue until a strict disconnect policy was
enforced. Since that time, a more stable income (o the companies involved has allowed for
the purchase and inslallation of more SHS’s to meet growing demand. Concerning the
rationalization of duty/tariff structures relating 10 PV modules, the exemption of PV modules
from value added tax and import duties is often cited as one factor in ensuring the financial
viability of PVRE since it encourages increased PV use by lowering prices. Tﬁc reduction
or removal of fmport duties and taxes on PV components/kits remains an issue of debate in
many circles, however.  On the one hand, some quarters believe that PV eguipment should
be exempted from import duties/taxes since they arc used for harnessing a renewable energy
source and should thus be given special frcatment. This is exemplified by the Philippine
experience, where PV panels and components are exempt from value-added tax and import
duties. On the other hand, there are those who feel that PV modules and components, being
consumer goods acquired by the upper class and middle class famities for consumption rather

than production, should be taxed accordingly.

Another aspect of successful PVRE financing that can be observed from the
experiences of other developing countrics is the active participation of local organizations
such as cooperatives or NGOs in PV diffusion. In the Philippines, for instance, RECs are
actively involved in servicing and fee collection as well as monitoring of the PV systems.
Similarly, in Indbncsia, KUDs are involved in fee collection, maintenancefrepair, and even

enforcing disconnections in case of payment default. KUDs are also responsible for
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contracting private solar home system supplices for sysiem installation. The advantage that
local organizations in geacral enjoy over national utilities or private companies is thal they
are better equipped to implement SHS programs in rural areas, having a better knowledge of
potential customers and a clearer vnderstanding of the local situation, traditions and customs,

as well as limitations. This facilitates fee collection and maintenance.

{t should be noted, though, that such kind of active local organization participation is
not without its problems. Reports on the BANPRES project, for jnstance, indicate that
many KUDs have not been strictly adhering to contractual obligations and treating
disconnects for non-payment differently. AH these boil down to the lack of management
capability on the part of the KUDs.  This is one aspect that should be addressed, therefore, if

the full potential of local organizations in PV dissemination is to be realized.

One final obscrvation that can be derived from the above excrcise is that type_of
financing, i.¢., lease, ESCO, consumer, or calsh, is not so much a deciding element as are
other factors like amount of credit supply or rationalization of tax/subsidy structures, among
others, for the financial sustainability of PVRE. If anything, a multimodal approach, i.c.
ulilizing them in combination as is being done in Zimbabwe, the Dominican Republic, and
Sri Lanka, helps ensure wider dissemination, as potential end-users of varying employment
categories and income brackets have more flexibility in setecting a financing scheme that is

most appropriate for their situation, e.g. to pay in cash or avail of credit, to own or ease the

PV system, etc.

7.8 Result on the field survey on financing te PV system
7.8.1 Survey on PV Part Suppliers and PV Sysrtem Installers

A second survey was conducted among PV companies during the final field study to
get a clearer picture of the PV industry's situation, particularly in terms of local firms' access
to credil/financing. A survey had actually been conducted for the same purpose in mid-
1997, but response was very poor {only 6% sesponded). For the second survey, a number of
specific questions were added, and forms were sent dicectly to the companies, not through

SEIAZ as had been done previously.
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The response was considerably belter this time, with 27 out of the 50 subjects (all
GEF-accredited companics), or 54%, rciumiug the questionnaires to the Study Team,
Results revealed that most of the companies began their operations as a resalt of the GEF
project (i.c., after 1993, the year the project began) and have less than 20 people in their

cmploy. While their respective net assets vary, most companies' annual revenues fall below

the US510,000 mark.

Forly per cent of the companics have been using their own funds from the start to fund
their operations, while 40% availed of short-term loans from AFC. The others oblained
loans from other commercial banks like Barclays, SEDCO, and CB7Z.

Among the factors identified by the companies as constraints to funding were stringent
collateral requirements, fack of understanding by financial institutions about PV, and
burcaucracy/red tape. The more commonly cited constraints, however, were high interest
rates and short repayment periods.  Not surprisingly, the companies suggested low-inlerest
loans for medium to long-term periods with minimal or no colialeral required as the kind of

government suppor! they need most (o address their current sitwation.

Most companies recogaized the benefits brought about by the GEF project, incl.uding
exemption from import dutics, free warehousing scrvices provided by PMU, and greater
public awareness about PV. Some expressed apprehension about their fulure prospects,
noting that foreign exchange will be a major problem when they begin to deal directly with
overseas suppliers. Most also felt that paying import duties would be a big financial
burden.  Others were more positive, however, saying that business would continue, albeijt

with some degree of difficulty in the post-UNDP/GEF scenario.

7.8.2 The Post-UNDP/GEF Scenario

As of the final field study in Zimbabwe, talks were slill ongoing as 1o whether the
UNOPJ’GEF Project (which is alceady on a 6-month extension) should be extended for a
longer period of time.  Whether or not this happens, significant changes arc expected to
happen in the post-GEF period, affecting both PV companies as well as end-users who, as

earlier mentioned, have been enjoying a number of privileges under the project.
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Companics, for one, will at that time have to begin bearing the burden of paying import
dutics for imported panels and cquipment. An added worry will be warchousing of PV
cquipment, which was handled by PMU under the UNDP/GEF project.  Companics will
also have to slart handling payment collections directly from end-users (defaults included) -
a task that was performed by the A¥C under the UNDP/GEF project.  These problems will
be aggravated by the lack of flexible loan schemes for PV companies among commercial and

development banks in Zimbabwe.

End-users, for their part, will no longer have access to loans offercd at subsidized
interest rates and flexible terms as they did under AFC's Credit Support Fund.  The sales

tax being imposed by the government on PV equipment is expected to compound their woes.

7.9 Summary & Conclusions

On¢ of the mosl important lessons learncd from the UNDP/GEF project is that
subsidies, although well-intentioned, should not be used indiscriminatcly.  As already
discussed in Ihé interim reporl, in spite of ils success in promoting greater awarceness and
more widespread use of PV in Zimbabwe, the UNDP/GEF project has failed to address the
needs of the rural poor, with its subsidized end-user loans, benefiting mostly lfower middle to

middle income groups.

In this kind of situation, subsidies are better phased out since these are income groups
that are capable (and presumably willing) to pay for the conveniences offered by electricity.
Calculations, in fact, showed that phasing out these subsidics and allowing market rates to
prevail would require only a minimal additional cash ftow burden the part of end-users. That
subsidies are belter utilized only for non-repeating or infrastructural expenses or for a

program that is guaranteed to benefit low-income groups cannot be overemphasized.

The UNDP/GEF project, which is now on its 6th year, has certainly contributed
positively lo the rural electrification effort in Zimbabwe by increasing public awarencss of
the bencfits of PV technology. This is validated by actual numbers, showing thousands of
houscholds and a significant number of public institutions now enjoying ¢lectric power as a

resull of the project. By its own admission, however, it has failed to reach the rural poor,
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the intended benceficiaries of the praject. Nonetheless, the sigaificance of its overall

achievement is substantial.

Undoubtedly, the project has also paved the wéy for the entry of many new companics
in the solar business by granting 2 number of concessions thal gave them €asy access to
supply and exemption from import dutics. They were also spared from the tedious task of
dealing dircctly wilh customers when it came to collecting paymenlts.  While most of these
small enterprises are likely to suffer tremendously, possibly even close down, after the
project officially ends {(and these concessions are removed), some of the fundamentals have
already been laid down, and provided the important issues are successfully resolved in the

post-GEF period, the industry has the poteatial for further growth and development.

One of the most important issues that needs to be resolved is the need to increase PV
companies’ access o finance, which is discussed extensively in other parts of this reporl.
Another ié the glaring lack of tocal technical expertise, which is one of the requisites (o a
sustainable market.  Although some effort was made towards this end, the UNDP/GEF
project stitl failed 1o develop local maintenance and mamjfacluring capability. To date, in
fact, there is only one major local manufacturer, and most components still have to be
imported. It should be noted, however, that these are problems that can effectively be
addressed by changes in policy. If the necessary measures are taken to create an "enabling”
environment for PV, many local companies can be expected lo survive the post-UNDf’fGEF
period.  When such an eavironment is created, PV will also uitimately be able to reach the
fowest income groups in rural Zimbabwe and prove itself as the technology of choice for

sustainable rural electrification.

7.19 Recommendations
For PV rural electrification to be truly sustainable in Zimbabwe, concrete steps must be

taken by the major players involved --government, local organizations, SEIAZ, and donor

organizations
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7.10.1  Recommendations to Government

The study team points out lwo or three recommendation for the Government to make
the Government’s policics an "enabling” environment to promote installation of PV systems.

Thesc are development of RE technologies, to provide financing opportunities far the private

sector and to cxtend duty and tax incentives,

Government, for one, should rationalize the current tax structure by exempting PV
modules and components from the 15% sales tax which unnecessarily inflates the costs of PV
systems. Exemption from import duties on PV pancls and equipment (which were being
charged to companies not accredited by PMU during the duration of the project) should also
be made a general policy (whether or not the UNDP/GEF project is extended). This is

currently being done with basic food items and other setected commodities in Zimbabwe.

The Zimbabwean govermment must also continue to promote the multimodal approach
to ensure flexibility of options available to end-users.  As shown by the UNDP/GEF project,
the use of NGOs (which have a strong grassroots oricntation) and the national ulility ZESA
(which has a national network backed by strong in-housc technical capability) as a

complement to the commercial mode, makes it possible to reach a bigger number of

customers.

To facilitate the transition to market conditions in the post-GEF period, government
must be discriminating in continuing the use of subsidies. Under the GEF project, they
benefited only lower middle and middle income groups who could afford the initial down

payment and regular installments, and completely failed to address the needs of the rural

poor.

A more rational use of this policy tool would be to allow a Iransition to markel rates for
lower middle income groups and above since it would only involve a minimal addition to
regular installments while maintaining some form of supporlt to the rural poor. ‘the latter
could take the form of a flexible loan repayment scheme, carried out by a local NGO or CBO

since it can realistically reach the rural poor and be financially sustainable at the same time.
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(For example, as shown the below lable, in case of installing 9,000 systems priced US$1,000,

monthly payment can be decreased from US336 to USE27 by subsidy te down paymenl.)

Fable 7-6  Comparison of Replenishment to Interest and Subsidy to Initial Cost

(1,600USS)
Case | 0 ] 1 2 3 Total Monthly
I ) | payment
Bank rate | Loan’ 90001 - | ' o (uUss) |
Principal 2,157 2,912 3,931
Interest (35%)| 3,150 2,395 1,376 | ]
Total 5,307 5,307 5,307 15,921 49
Replenis | Loan 9,000
hment to: | Principat 12,592 2,981 3428 i )
intercst Interest {15%) 1,350 961 514
Total 3,542 3,942 3,942 11,825 36
| Balance 4,09 |
Subsidy | Loan 4,904 o | ~
to initial | Principal 1,175 1,587 2,142
coslt Interest (35%) 1,717 1,305 750
Total o 2,892 2,892 2,892| 8,676 27

To address the issue of limited access to credit by both PV companies and end-usess,
the Zimbabwean government should initiate the sctting up of a credit guarantee fund (with
the help of a donor organization) to increase formal sector financing to PV companies in
Zimbabwe. A guarantee by the governmenl could effectively influence the decisions of
banks, which generally perceive solar projects as a risky undertaking, and result in the
granting of more credit to PV companies under more flexible terms. The involvement of an
independent body or organization in the management of said fund should be seriously

considered to avoid the problem of red tape/buseaucracy.

Government should alse explore the feasibility of selting up an iaslitutional
development program (possibly in cooperation with a f(_m:ign donor) spec'i'ﬁcally designed
for financial intermediaries, for the pur.posc of strengthening their capacity to assess PV
projects.  As discussed in earlier reports, many lending institutions have insufficient
knowledge of PV technology and the significant economic benefits that can be derived from
its use. Such lack of awareness in turn adversely influences their decisions regarding the

granting of loans to both end-users and PV companies,
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Finally, goverament must also continue to promote public awareness of the benefits of
using PV technology, parily by mandating its use in public offices and facilities. This has
been proven effective in other countries (both developed and developing) with active

renewable encrgy programs.

7.10.2 Recommendations to NGO and Local Organizations

1.ocal erganizations such as village cooperatives, meanwhile, should contribute to the
PVRE effort by propasing specific projects to ward-level selection commitiees, which are
responsible for recommending them to the district council level, which in tumn subniils a
selected list to the provincial government, Efforts, after alf, should also be initiated at the

grassroots level where community needs, potentials, and limitations are better known and

uaderstood.

Given that funds are scarce at the national level, it is also imperative that tocal
communitics mobilize their own resources.  Expericnces of other developing coualries have

validated that this is possible and even sustainable.

7.10.3 Recommendations to SEIAZ

As the reples'entali_vc body of Zimbabwean solar manufacturers, suppliers/dealers, and
installers, SEIAZ should improve its working relationship with government to facilitate
meﬁbers‘ access (o financial and technical assistance, both from government itself and from
international donors. Most donor agencies, it should be noted, deal only with national

governmenls rather than private organizations or individuat entities.

SEIAZ must also strictly enforce industry standards to discourage the proliferation of
companies with substandard products and services in Zimbabwe. A few lending
institutions in Zimbabwe have had bad cxperiences with cbmpanies that did substandard
work, and have consequently come to regard the rest of the induslrf in a negative light.
Strict enforcement of indusiry standards would improve the image of local PV companics and

eventually enable them (o have greater access to formal sector financing.
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It would also be beneficial to the industey if SEIAZ were to assume a lead role in
proposing specific projects or ideas that would help them since they are in the best position
to asscss what is most necded, and what will and will not work in the local setting. The
organization, for instance, could explore other creative options for internally increasing
credit 1o its members, including assel-based lending, or supplier-credit (whereby module and
equipment suppliers offer credit to dealers requiring only a credit application form and some

references in place of physical collateral).

7.10.4 Recommendations to Denor Organizations

When providing development aid for renewable energy projects, donor organizations,
for their part, should take into consideralion the long-term sustainability of the projects they
are embarking on. Development assistance, in other words, should be directed at start-
up/initial costs that will bring lasting benefits to fural electrificalion programs, like technical
training, information dissemination, and standards selling, rather than paying operating cosls.
This was one of the most important lessons fearned from the experiences of other developing

couniries with PV based rural electrification.

Donors should also ¢cxtend assistance that recognizes tocal manufacturing capabilities.
In other words, grants/loans should not be tied to foreign eguipment that require foreign
maintenance and which will only serve to hinder the development of indigenous
manufacturing and maintenance capacily.” This is particularly significant in Zimbabwe

where local manufacturing and maintenance capacily remain underdeveloped.
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